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iiiJLhco^ivnicosfifi#r„ t, m^m^bt^i^. 

>IiT\ m=l, n=l, N, q = 0, 

b ' n ( k ) ^ . >! c: T- k . 
n (k)^ffl\,^T. n#s^o5!i^i^s^?)3!l^i^i-^^^*^^■l. 

• B ' (k) &lt»U, 

mi ] 

'H(O) •••H(Q-i) 0 



H 



0 H(0) •-■ H(Q-i) 



H(q) 



h|i(q) ■•■ hiN(q) 



B' (k) = [ t> ' T (k + Q-1 ) •■■ t> ' 
Mk) •■■ t> ' I (k-Q+ 1 ) ] T 



fc. ' (k + q) = [b'i (k + q) b' 2 (k + 

q) -b' „ (k + q) ] I 

q = Q-l -Q+ 1 q^OT 

^a (k) = [b'i (k) ■■■0---b' H (k)]i 

q = 0 

t> ' (k) COg«<50-ifD{in#aT-^bD, [ ] ^(4 

• B ' ( k ) SrSfKiJ' 3^ 

>Iif3^ (k) = [lr-T (k+Q-1) ir- I (k 
+ Q-2 ) ■-■ r- T ( k) ] T 

I- (k) = [ri (k) ra (k) ■■■r„ (k) ] ^ 
3^' (k) [^C0^^^#IJ!c4J-^^*t-S, n#e(OM 
^vn^j, ( k ) '^^^^ 

[lt*Ji2 ] gfS^i? 3^ ( k ) ^'coaiWfiic^O 
^^hWt^iJ ^ U i: t T . KHSiitlS^ y ^^t^ b ' 
„ (k) , ±Mtf-^A^)Vm\^^b. Srffll^-C. ±123! 
JE:7i';i.^w„ (k) 2r 



w„ ( k ) = ( M G- ( k ) MH +U ) -1 It. 



GJ- (k) =diag [ O (k + Q- 

D (k + q) =diag [ 1-b' 2i 
, 1-b' 2 1 (k + q) ] 

=diag [ 1-b' 2i (k + q) , 

k+q) ] q = 0f\ 



l)---0 (k)---r:> (k-Q+1)] 

(k + q) , 1-b' 2 „ (k + q) 

q = Q- 1----Q+ 1 , q^O-C\ 



1 , 



b ' 



( 



[i!t2] 



H 



in-. 



2,(Q-l)N+n 



H 



M,(.Q-l)N+n 



;itvtxb' „ (k) ^sRs^, z^x'^i.imwmmm. 

^^^-;Hlh„ (q) i:l|RM©ifii^y;fOUb' 

n (k) ^fflv^T. n#a^oafi«^OJM^t^i-f■^c>f^^l, 

T^fife^M ■ B ' (k) ^it^L. 
[1:3] 



Hi, (Q-i) . Ntn iiJiiafi^iJ M £7) 1 (Q- 1 ) N + 

f--r*;Hjth„„ ( q ) mf^^^-)Vnn M ^tf-^L. 

i<Ifm=l, M. n=l, N. q = 0, 
Q-1. Q{4#iMfim»<7)v;k^^tX(?)S[ 



H(0) ■••H(Q-i) 0 



0 



H(q) = 



H(0) •■• H(Q-i)_ 



hii(q3 ••• hiN(q) 
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B' (k) = [ t> ' T (k + Q- 1 ) ••• "t> ' 
I (k) •■• 1o 'I (k-Q+ 1 ) ] I 

t> ' (k + q) = [b' 1 (k + q) b' 2 (k + 
q) ■••b' „ (k + q) ] I 
q=Q-l -Q+1 q^OT" 

t> ' (k) = [b'i (k) •■•f (b' „ (k) ) •■• 

b' , (k) ] I 

q = OT- 

t> ' (k) c7)^*tf0f (b' n ( k) ) (i:n#at:-S) 
0, f ( ) tif (0) =0. ^^-Sd { f (b- 
„(k)}/d{b'„(k)>^0 ^iSfc-Tb ' 
„ (k) ^^IKt^-SMiSt, [ ] T {iisa^f ^rJt-A 

>r«T*)ig:*H: ■ b ' ( k ) ^Sft'^^ h/i- y 



n 



(k) = (H G5- (k) 



:LZX'y (k) = [ 1- T (k+Q- 1 ) 1- T (k 
+ Q-2 ) ■■• r- I ( k) ] I 

I- (k) = [ri (k) r2 (k) ■■■r„ (k) ] f 

m.-^^'^ h)Vy- ( k ) ^ismmy ^ ^i^^-fssw 

„ (k) tj;'9 7^;k:^'MJMtT. nSB<7)i^fl«J;D 

(k) , ±iBf-^'-^-/k1fMM Srfflv^T. ±K3iJS7 
;k^-Wn (k) ^ 
h:« +U ) -1 



G- (k) =diag [D (k + Q-l)---D (k)---r:) (k-Q+1) ] 

D (k + q) =diag [1-b' ^1 (k + q) , 1-b' 2 „ (k + q) 

, 1-b' 2 1 (k+q) ] q=Q- 1----Q+ 1 , q^OT\ 

=diag [1-b' 2i (k + q) , 1-b' (k) , 1 
+ 2E [f (b'„ (k) ] +E [f (b' „ (k)2] , 1-b' (k) , 
1-b' 2 N (k + q ) ] q = 0-C 



E [ ] 
[iC4] 



H 



t> (k+q) = [bi (k + q ) 



N 



(k+q) ] 



l,(Q-I>'N+n 
n2,(Q-l).N+ii 



M,(Q-l)N+n 



. Ji:±|fifi?iJ H O 1 tf (Q- 1 ) N + 

[ff^^a 5 ] Juimmy ^ )Vif w„ ( k ) coff-sifc 

[it*lB6] Sft-^^^ b/L' 3^ ( k ) F^cOiS*Ji!<;^^cO 

^(Ti^^WmWi'k. }Lt^^m^^VlVy (k) . _h 

U ' = s:k = o 3^ (k) - H " ■ B (k) ) 
■(y(k)-H:"-B(k))H 
B (k) = [t>T ( k + Q- 1 ) ■■■ "t> T (k)--- 
^=^ f (k-Q+ 1 ) ] T 



(q=-Q+l-Q- 1 ) 

wmMQ ] iiSD ( k + q ) ^ 0 hmx\^. ±ibd 

(k) i ag [0, 1, 0] -^m^h^ 

Cldf. m=l, n=l, N, q = 0, 

NfflcO*|««IBA2 [b„ ( k ) ] ^>4>«CfiJSM«i^^ 

b ' „ ( k ) ^3}<^ . ; ; T- k \mmmm. 

^-^^vWlh„„ (q) i:K*iJ®ljti^y;JlVPb' 
n (k)^fflV^T. n#ac03MfIffic^Smfi-ttC>!^-rS 

• B ' (k) ^itJ:L. 
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H = 



H(0) •••H(Q-i) 0 



0 



H(q) = 



H(0) H(Q-i)_ 



hii(q) • ■ hiN(q) 



0-"b ' ff 



(k) ] I 



B' (k) = [ t> ' Mk + Q- 1 ) ■•• fc. ' 
I (k) ■■• t> 'I (k-Q+ 1 ) ] I 

t> ' (k+q) = [b'i (k+q)b'2 (k + 
q) ■••b' M (k + q) ] I 
q = Q-l -Q+1 q 

t> ' (k) = [b' 1 (k) 

q = 0 1- 

t> ' (k) cJD^St^-lratinSST-^^D, [ ] Hi 

CIOTs^BSc^M ■ B ' ( k ) i^m<i^ h/l-j^ 
{la) ■^^(i>mL^\^m-^^i^ h}U3^ ' (k)Sr^a6. 
Z:iV3^ (k) = [ir-i (k + Q-1) ir-T (k 
+ Q-2) ■■■ 1- I (k) ] I 

r- (k) = Ln (k) rs (k) ■■■r„ (k) ] i 

me] 



H 



H 



1, (Q-l) N+n 



2. (Q-0 - N+n 



H 



M-Q,(Q-1) -N+n 



h;k3^' (k) ^7^7k^'i!JPlLT. nSScOilftti 

I rn-mm i o ] 2 i^niiosa n Hc^jjiftn*^ o fi 

::c:T'm=i, M. n=l, N. q = 0, 

:r^>uh' „ (k) ir^nb, zz-z-iiimmmm. 



„ (k) ^fflV^T. nSatOMfH 

• B ' ( k ) ^ft; 

[1:7] 



H = 



■H(O) -HcQ-i) 0 



0 



H(q) = 



H(0) --■ H(O-i) 



hll(q) ■•• h|N(q) 



*'Ml(q) — hMN(q) 



t3 



(k + 



' ( k ) = [ t. ' I ( k + Q- 1 ) •■ 
Mk) ■■■"t> ' T (k-Q+1 ) ] I 

t> ' (k + q) = [b' 1 (k + q) b 
q) -b' M (k + q) ] T 

q=Q-l -Q+1 q^OT 

fc» ' (k) = [b' 1 (k) ■■■f (b' „ (k) ) - 

b' N (k) ] T 

q = G-C 

lo ' ( k ) £0g*c7) f ( b ' „ ( k ) 

f ( ) {±f (0 ) = 0, tt^-oi^ { f (b- 
„(k)>/d{b'„(k)>SO Sr}«/::-r b ' 

„ (k) ^^^tt--I.P^i£, [ ] i{4te»if5iJT-^^ 

■ B' (k) SrSIK^'b^l-y 
(k) *>^>Mt5lg=ll4i-'<.^'h/l^y ' (k)^^46, 
(k) = [i-i (k+Q-1) i-i (k 
+ Q-2) ■■- r-i (k) ] I 

1- (k) = [ri (k) rs (k) •■■r„ (k) ] f 
T t LT, 



h 



H 



H 



1, (Q-1) N+n 



2, (Q-1) N+n 



H 



M Q,(Q-1) N+n 
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[if*3ll3] ±fe«flfl-f-ri (k) , r 

„ ( k ) *-A>gfi^^ 

3^ (k) = [i-i (k + Q-1) 1- I (k + Q- 
2 ) ■•■ 1- I (k ) ] I 

ir-(k) = [ri (k) r2 (k)-r„ (k)]i 

±IEfe3Mt$'l4^f-\'^^;1^4f?iJ H t LT 



H = 



H(0) H{Q-1) 



0 



HtO) 



H(Q-l) 



H (q) = [h-i (q) ■••ItLn (q) ] 
h„ (q) = [hi„ (q) ■■■h„„ (q) ] I 

m=l, M, n=l, N, v;l/^^^°,X<7)f5;^ Q 
i:t. q = 0, Q-IT^O. h„„ (q) {i^ftft 



1=1 



±IE#:¥iJSE)lfti' >'4^Vk^ b ' „ ( k ) h L , ±iE 1 

-r^fB' (k) = [t3'T (k + Q-l)--- 
t> ' I ( k) ■•■ t> ' I ( k-Q+ 1 ) ] T 

\=> (k + q) = [b'i (k + q) b' 2 (k + 

q)-b'n (k + q)---b'N (k + q)]I :q = 

Q-1 , -l-C- 

t> ' (k + q) = [0---0 bu+i' (k + q)--- 

b' „ (k + q) ] T : q=0. -Q+1T\ 
t. ' ( k + q ) 4l<50 0 C7)S*i7Jl:{4 Ufflt'fe 0 , 

Zcr,=f»Uy°V :^ Tri ■ B ' ( k ) SrilESft^;?' h 
;k 3^ ( k ) *^^ai^LT±iEil:5]"^^' hJl- y ' 

**®tt-^it*ili i X(ii 2lEaiO^-;nSft:^ffio 

im^TMl5] ±iESftft-i- r 1 (k) , ■", r 

M ( k ) *-i^Sft^^ 

y (k) = [ir-T (k + Q-1) r- T (k + Q- 
2 ) ... r- T (k) ] T 

1- (k) = [ri (k) (k) -r„ (k) ] i 
±IEfroMWtt^^^^-MT^iJM i: L-C 



H = 



"H(0) 



0 



H(Q-l> 



H(0) ... HCQ-1)J 



H (q) = [ til (q) •••InN (q) ] 
ta„ (q) = [hin (q)---hMn (q) ] ^ 

m=l, M, n=l, N, V;t^^^N°X<7)l:^Q 
tt. q=0, -". Q-IT-^^D, h„„ (q) ttgftfi 

(c#tn.-l.mn3lfHi*»^,o^N°^q<7)f-v^-;Hi 
±iBttflSiSfts^>';i^VPSr b ' „ ( k ) 1 1 . ±iB 1 o 

i'MiSimwi^z-^^'^x^comi&im i T^MHuiUfift-t 
tL. i^T-u(iN>ufei^i>sisc-r'S)Os ■Kom.m 
m^mizM L=f»m^>ms.^i\fzmim^izM^i=f'» 
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(k) tiott^t. 

B ' (k) = [ t> ' T ( k-hQ- 1 ) 

T ( k ) ■■■ l3 ' I ( k-Q+ 1 ) ] T 

t> ' (k-hq) = [b' 1 (k + q) b 



mi 1] 



To 



(k + 



q ) ■■■ 

Q-1 

t> ' 

q ) ■■■ 



b ' 



(k+q) ] T 



q = 



n ( k + q ) ■■■b ' 1^ 
(k+q) = [0---0 b' (k+q) ■■■ 

(k + q) ] T : q = o, -Q' + 1 

(k + q) ^cr)0<^)^mmiumX'^h^ . 

(k+q) = [b' 1 (k+q) ---b^ n (k + 

b' ^ (k + q) ] I : q = Q' , -Q+1 
^CO^»]^T^JA^ ■ B ' (k) ^JiKSfi^^b 

/l/y (k) *^^>?IM:LTll:Ji^^^^ b;k3^ ' g (k) 

[ft^^IlS] ±faNiicO»ta'lflgA2 [b 

„ ( k ) ] «i:±ie N licoilftM tMl&Lf^N (ic7)fX^#| 

^^m^-ti> c t imLt -tmrnn i 1 7 c^m 

[ 1 9 ] ±1 EN ji6031fim-f-«i; , 1 -sc^lf fg* 

m^Nmcosskmcommt LXNmcommmizx^^ti^ 
timm L 7t ft-f-r- & d , ±ie n ffl^o* iff it a 2 l b „ 
( k ) ] (± 1 flacoa-^^ J: 0 o»H«ffii8 A 2 [ b 

mmm^i,ziitth=F»m^^tifz^mm'^b lxc^nm 
tr^m-r^i^-yn^mmx^-yx. 



H= 



H(0) ••H(Q-i) 0 



0 



H(q) = 



H(0) HcQ-i) 



hll(q) — h|N(q) 



n= 1 , •", N 

^mm^-r^ t^xti^tLX^m^i'h>i' 

y (k) = [ir-T (k + Q-1) i- t (k + Q- 
2 ) ■■■ r- T ( k) ] I 

ir (k) = [ri (k) r2 (k) ■■■rH (k) ] 

I 

iSc. q = 0, Q-1, [ ]T {i^afi?'JSr^^3 

(k) ^>^m-hmm^y'f^)v^^t.. 
mm'&mmi^y^^)Vh - , ( k ) -b - „ ( k > ^-a 

)V 

B' ( k ) = [ t> ' I ( k + Q- 1 ) ■■■ "t> ' 
I (k) --lo ' I (k-Q+1 ) ] I 

t> ' (k + q) = [b'i (k + q)b'2 (k + 
q) -b' M (k + q) ] T 

q = Q-l, -Q+1 , q^OT' 

to' (k) = [b'i (k) •■■0---b' „ (k)]T 

q = 0-C 

t> ' (k) cr)®S<55-^roiin#S. 

:&iA^rSix, n^s(^mmm^cr>^mm^i>zM^t^w^ 

T^Jt^^M - B' (k) tSfi<^'b;L'y 
(k) :«>iA^jS^x. ll4J-<^'h7ky ' (k)=3^ 

(k)-H: - B' {]^) ^riati^^mmmt. 

3- ' ( k ) ^c7)a#T-»B!c53^ * ^*-r S n # g 

*)cr)m.mimcr,^mmmzM-t^miBy ^ 

„ (k) :{)>'A^§a. :^ ' (k) t:«L7^;P^'«M 

L T . n # g commm i 0 ^Mfifi-f■^^>r^t- s t^k^* 
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[ill 2] 



H = 



>l(0) •••H(Q-l) 0 



0 



H(0) 



HcQ-i) 



H(q>= 



n= 1 , N 

y (k) = [ir-i' (k + Q-1) ir- T (k + Q- 
2 ) ••• I ( k ) ] I 

r- (k) = [ri (k) rs (k) ■■•r„ (k) ] 

I 



m.. q = 0, Q-l. [ ]T Jite»ff?iJSr^*) 
(k) (n=l. -, N) ^^t-SfC^iJSi-y^Vk^ 

B' (k) = [ t> ' T (k + Q-1 ) •■■"t> ' 

M k ) ■•• t> ' I ( k-QH- 1 ) ] T 
t3 ' (k + q) = [b' 1 (k + q) b' 2 (k + 

q) ---b' „ (k + q) ] T 

q = Q- 1 , -Q+ 1 . q^OT 

t> ' (k) = [b' 1 (k) •■■f (b' „ (k) ) ••• 
b' „ (k) ] I 

q = 0 T- 

t> ' (k) «S*(7)f (b' „ (k)){Sn#g, f 
( ) {if (0) =0. ;&>Od { f (b' „ (k) ) } 

/d{b'„ (k ) } ^OSriit-b' „ (k)^^ici: 



- B' ( k ) iiSft'^^' b/t^ y 

( k ) t^Kti^tt. ^^^^^ 3^ ' ( k ) = 3^ 
(k) -M - B' (k) S:ai^)-ri.llS»:ai5t, 

3^ ' ( k ) \f^inm^=^»mf^'m^-th n#g(Ojii 



[ fi3j<ii 2 3] 2 ].:Ji±tosi(N fflcojMfi^*^ ^.jMmfi 

±f BM lic^gfift^ i: Bt»]fi^tO#E®fl-f-;i)i A^fJ $ ft , 
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z b &m}kb-t^msm2 oTbm.2 scomrMzumc^) 

b^i>m^^2 0BM2 5cr,mtLMzimcO^-:i-^^m 

[ if 2 7 ] ±1 ENjScDjMftm-ta 1 -:>commmi\ 

cmmmmmL^ n\mmmn ^z^m Lximmmmm 
mm^%^m\\-mmmM>bi:mx.tz b ^wmtf 
^mM2 Qjbm2 5<r>MtLi}^\,z^<n^-7s^^mm. 
[it*JS2 8 ] ^m\m<^^mmm'\±b ltco^-t^- 

wsm ^zmv^^zb^mkb^h^- Tf^^m-^m . 
<7-)^-^mfnbLx. iitm'omvmz, i {a 

mm^^^z b ww.b^hms.m2 stm(^9~^i^ 

[it*3S3 0] ^flfi^-^^J'b/Wy (k)i*r<7)?s^ 

U - = 2:k=o y (k) - M - ■ B (k) ) 
■ (3- (k)-H:"-0 (k))H 
B (k) = [loT (k + Q- 1 ) ■■■ (k)--- 



t> I (k-Q+ 1 ) ] I 

t> (k+q) = [bi (kH-q)---b„ (k + q)] 
( q = -Q+ 1---Q- 1 ) 

bi (k + q) ;(/>ji>bN ( k + q ) {i. ilEM^fl-^S. 

IA'±IEW;0' ^> L § *^'FJf Sfai.2LhO® WSE'lffg >- J; 

-th^Mm^^t^z b wwLb'thmSiM2a%m<7y9- 
f<zi:y)mBm\Ly ^)V9^m^L. ^<^immi\Ly^)v 

i,ZbcomK)MLX'h^Zb^nmb-t^tSSm2 8-^ 

mi^m 3 2 ] ±siim Ltzi-^^^jm^mm ttim 

m b u^mm bcom^*)mut, ±tm^ Lfz-f-x 
izx'o. u~^'^^mmMf>^x\ ^^-yt^jumsm^x- 

^^zb<^wkm^hxhh. zb^'\mb-r^^mim2 
mum 3 3 ] ±iB«s L-t^-^- ^vm^f (jffl l/^^l 

)y-ry^-t^\m(^^:n^9-^i^^~y{zi. oa^ 

•r § i i; t^Ji^ 0 LT-^b -?> >r t "T ItiRiI 2 8 

~3 0 c7)MiX3?)HciBK<?):^'-^'Sfi:6-&<> 

[ft^iM 3 4 ] ±iBr yrr- rrp-r y-f -^-gft 
m<7y^:h'k]^-9^mmmnx\ ^i-y^^ivti^^^ 

xm^fzimm^^nm^Lfz^^ wmz x '9 mm 

t , -eioffis Lfz^-^ :^-)vm^m^^x^mm^i:9m 

m^^zn L±Mm& Ltz^-r ^^m^f m l tzm^bm. 

nm^ b^wr&L'iyd mmmz av-^x., 
im^ixfzmn'&mmLi^yTii)v<Dmi>-^ l $ tm^mx:! 

^(Tmt^i^ L\<'^bm^^tLtzmi\^w^>'y^^Mzx 0 

tmnrnti^w^im^tLh mm^^y^^ivtmuiimx. , 

[0001] 
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[0002] 



■t-S^Si: tT^A^]^yb^l (Multi-Input Multi-Outp 

ut : M I MO) i^::^'r2^ti^hh. ^coiy:^'rMMm±M 

i^nmm. iiMiiSiLhT-^y^^vuci ( i ) —cm ( i ) 

■r# 1 —tM^fiii.SM I MOSm«T-gf8L, M I M 

o^mmii^mm^^mM. l . ^mmm. s i - s n ct)^^ 

fii'^'-l^VPci ( i ) — Cn ( i ) im^LXci ' 
( i ) " ( i ) i; LTttl^S^Ou t 1— Out 

[0003] iM^tX'C^bZ^M I MOi^X'rMziHf 

I Mo^mm<^mt^m^j:mm.mizm^^wMii+^ 

iznhixX^^^tp^^, M I MOi^X-fi^t-i3(tSM I MO 
«fiffil<?)««^MLSE (»:«t£) 

Mo^mmi!zmm-t^'7)i'^j^^comiQb-mit. m 

I MOSfl«^0itS:S(i2"-i)N (TJtrt-^T'sTLi 

r„ (k) =:S„ = n (q) 



mcomm^t Lxmm^tifzi,co^^m-h^i,z^ 
^mw,z-^\^x%m-fh. 

[0004] >'yyiV::2^~fWi9-Tf-^mM 



(k-q+1 ) (i^-- »f (itftSl ) OMftS^y^/k. V 

r- (k) = [ ri (k) (k) •■• 

V (k) = [Vi (k) V2 (k 
M (q) = [hi (q) ■■•hM ( 

3^ (k) = [ 1- I (k + Q- 1 ) 



mm 1 0 -cjiwiR^^j c ( i ) co^mm-^^m 1 1 

tcSftSti^o Sfi«2 0 -cimA^jl>;til:^3 (SIS 

0:S i ng 1 e-I nput-S i ng 1 e-Outpu 

t ) m'it^2 1 (cj; ^:)mm^<:omtmjhti^. ^<^m 
yo y^^ixxr^^ 'J^fi^m^izmm^ti. 't<'J^)v 

[0005] 'yy-f)V3.~^(r!fi^m 3 0 AT'N = 1 1 
htz'O. #SftTyx-^#m (m=l, 2, M) t 

■ b (k-q) +v„ (k) ( 1 ) 

„ (k) \i^mm2Q(r>^m(nmk=uxhh. ^lxi^ 

Xcoryr-^# l~-#Mii^(^jcr:)lii:fji:^ ( 2 ) <7)^^ h 
L-ra-bL. ( 3 ) 
r„ (k) ] T (2) 

■ t> (k-q+l)+v (k) (3) 



) --Vm (k) ] I 
q) ] I 

[0006] 

I- T (k+Q-2) 



(4) 
(5) 



= H:-lz>(k)+n(k) 



Mk) ] f 
(6) 
(7) 



1^X\ 
[0007] 
[»1 3] 



[0 0 08] fzfzL. 



H 



H(0) - HcQ-i) 0 



0 



H(o) 



H(Q-1) 



(8) 



to (k-q) = [b (k + Q-1) b (k + Q-2) •■■b (k-Q+1) ]i 

( 9 ) 

n (k) = [ (k + Q-1 ) (k+Q-2) •■■vMk) ] T 



(€.0) 503-152603 (P2003 -50O 3 



i7)mtiii:hb LT#4?-^^kf >y b { b ( i ) } >?)J+ 1 T' 

h^mmt-iTh^mmcmm.±AitA, ( llr : 

Log-LikelihoodRatio) itJ^'^ttlSil-l" . 
[0009] 

Pi-[b(k) = +l|y(k)] 



A|[b(k)]=l(^ 



Pr[b(k) = -l|y(k)] 



(11) 



(10) 

[00 1 0] f ClClfAi [ b ( k ) ] {Sf^McT) 
fI^^2 4tCMi^a-l.?[-g|?Wfl?. A [b (k) ] (i 

1 [b (k) ] (±»ttr'[figA2 [b (k) ] tmM.n2 

2t'Ma§ix, St7^'^>-^'y-^^2 3Sr^LTS I S 

O f - A- 2 4 5 tL ^ . ^ iOfl-tfs 2 4 {i 

[00 1 1 ] 
[mi 5] 



s>.,[b(k)]+AP[b(k)] 



(12) 



A2[b(i)l-log 



Pr(b(i) = 4-1 j Xi[b(i)].i = 0,- B - n 
Pr[b(i) = -li;il[b(i)],i = 0, -,B-i] 



(13) 



^X2ll>(i)] + :^?[b(i)] 



I 

[0 0 1 2] ^rficm-r-g-o >I<r-C"A2 [b(i)]{±^ 
'9®LcO|^t^'(l:S2 ICA2 p [b(k)]i:LT^ 

1 htL^^i-^WmTh 0 , A 1 [ b ( k ) ] 3&Jffi-f-^2 
4tffBfrttlgAi p [b ( i ) ] t L-r-¥-ii^tll)o A 

2 [b ( i ) ] {iMS^2 5TAi [b ( i ) ] tmW. 

^>-^U-^S-2 6^:n-Ut^-fl:^2 l&t^«»§| 

b' (k) =tan h [Aj p [b 

3^' (k)-3^ (k)-H 

= h: - (t> (k)-ii>' ( 

t> ' (k) = [b' ( k + Q- 1 
?rl+a-r§. ^*^3i-C01xTU:*fM ■ t> ' ( k ) {i 

6) t;J:i9T*fl£^&^t^l^-C#^:V\ ^-i-CT* 

w" ( k ) =arg min 1| ( k 



(14) 



(19) w ( k ) ^*a6S, l.:JlT<7)-w 

( k ) CO'^mUl^M, : Daryl Reynolds and Xiaodong Wa 
ng, "LowCoinplexity Turbo-Equalization for Diversi 
ty Channels" (httpi/ee.tamu.edu/reynolds/ ) tlE 

co^-^tfP^'^ix-Ci-^^. ^tiwH (k) • 3^ ' 
(k) {±^L5ff2 loai^Tsb-^T, ::n.*^4.Ai [b 

( k ) ] trnM^nzf-^ > 3? 3 ifrbxm.^ 
[0014] ^-(1:112 1 i^zii^^xm^mm^rn^ izn. 



2 2^#fc*&§fLl>, .rwidtcLTSDjRL^fl:. fS 

S2 1 iopiffli: Lx^m^i^ hfuy ( k ) turr ^ff^ 

'fWgAg p [b (k) ] ^ffll^T«:MSi^yd<;k«S« 

(k) ] /2] (15) 

t> ' (k) mmm^:b^^3\nM.T^. 
D 

■ t> ' (k) (16) 
k) ) + n (k) (17) 

) •■•0---b ' (k-Q+ 1 ) ] I (18) 



M M S E ( ft/jNT±^ 2 SI^H ) mmX'Sisb h , 
[0013] 

) ■ y ' (k) -b (k) ||2 (19) 

V^fc. ^ftfff2 lT--<5C)^fb»lA^iEL <fii5iX^V\ ^ 
[0015] <1C7)>1 i: JiM I MO ^-t'ti'^.SI^'JjMfift-^ 

tc^-ri.sfi«itcPfi^>-r. v~9 (RAKE) sfiii^ 
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worn ummmiz ^ o fM-t^mo«*^ ^> t $ ^ [4o±$ 

[0016] 



[0017] ;o5|0BiOaW{iC:tO2 *Sr 

*aft-^t J; 0 :t-;P«SSr»« J; < fi^ d i i: *-'-e^ ^ 
[00 18] 

( N {± 2 i^xtcomm. ) cr,mmm^i:^m-t^ ^ 

:;^&T-fc-^T, MfflOgfim-^r„, (m=l, M) 

t. N^m<Dm.n\m^t^'i^^ ^-v^vnih.n (q) 
?ijc^»Hytti8A2 [b„ :\ izm-^^mmmmmi^ 

yi¥-)Vh' „ (k) ^5l<a6. ■f•^;^;^^Sh„„ (q) tIK 
(k) ^itmL, ^i-c 

[0019] 
[iCl 6] 

H(0) ■ -HcQ 1) 0 



H= 



0 



H(q) = 



H(0) - H(Q-i) 



hjj(q) •■■ hiN(q) 



hMi(q) ••• hMN(q) 



fc. ' (k + q) = [b'i (k + q) b' 2 (k + 
q) -b' „ (k + q) ] I 
q=Q-l -Q+1 q^Of 

^a (k) = [b'i (k) ■■•0---b' H (k)]i 
q = 0 

( t> ' ( k) <5Dg«<50-^n{in#B) . Qii^itm 

^mM.<7y-?)v^■>%xc!■)m.. q=o, --, q-i, u ^ 

[002 1 ] ZKPOW^PalT^H ■ B ' ( k ) ^^{1 

^i?h;p3^ (k) ;i-^>ML6ll=llii-'<.^ h/p3^ ' 
(k) ^5Ki6|., 

<r.!:-C-3^ (k) = [i-T (k+Q-1) i-f (k 
+ Q-2 ) ■■• r- I ( k) ] I 

r- (k) = [ri (k) r2 (k)---r-M (k)] 

T 

w„ ( k ) Sr5t<46. hJl^y ' ( k ) ^±12 

Miil57 -f;p-^'ffiiS:w„ (k) iz X '0 y 4 )i mM.L 

X . nmimcDm.mm'^izm-^^»mi:^titz%mm 
^bLxnm\<7))(mitmit?:n^. zixhNmm<7)M 

mitrnt^m^-^xm^-r^. 

[0022] m2m^l>Zj:tH£. |gl%BJt*3V^T. q 

= ocr>-m-^iz^ 

To ' (k) = [b' 1 (k) -f (b' „ (k) ) - 

b' N (k ) ] T 

To' (k) tOS«c7)f (b' n (k){in#S-C3b 



f ( ) {i:f { 0 ) = 0, *^-Qd { f ( b ' 
„ (k)}/d{b'„ (k) } £0£fS^c^b' 

3mMizj:tiii. mitmM^mmmmi>zm'fxm\ m 

[00 23] ^c^m4^0f3t:J;^iifSftft-^cof-^^-;t^ 

^c^m&Lfzi-r^^.im^m^-^x'smm^imm 
L. ^<r)>iStmLfzim-^zMLm-^mm^n^K nsm 

[0024] 

v^mco%m<^mm^ mim^ ( i ) 



[00 20]B' ( k ) = [ t> ' T ( k + Q- 1 ) 
■• 1o ' T ( k ) ■■■ lo ' T ( k-Q+ 1 ) ] T 



isv^T-tflg^^iJci ( i ) -cn ( i ) ^^ix^tm^^ 

Iff 1 1 - 1 , 1 1 -NTW-^-fb^tL. Ztih^^rit 
ai^]{±-^>-^l'-^^'l 2-1 , 12-N^atT^ 
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3-1,---, 1 3-NtC^iifi^i; LTf**^§ 
bi (k),---. bf, (k) t LTalifi$tll)<, D 

b „ ( k ) :fyiN^mcr)mmmn-com-^Th h . 
[0025] gjiiss {^^^{•^)V) ^m.'cx^'A'n^M 

^zm%^fd-zm%\%^ 1- ( k ) {i^tij:t3^fl:ts3 i iz 

/kiaiao 1/2 cojflMjT'-if y 7° y >- s fx-c x -f ^ 

^>N{ic7)S^^UE:JKJtbAi [bi (k) ] , Ai [b 
„ (k) ] Ai [bi (k)].---, A 

1 [ b „ ( k ) ] {i-etl-mWIf $B A 1 [ b 
1 (k)].-. Ai [b„ (k) ] //Mt:tl2 2- 



1, -, 2 2-N-C-^-ix^tl.SffSfL. T^-Oi?' |J-v^' 
23-l, ■", 2 3-NSriltTKA^jKffiSj (S I S 

O) fl-tSI (f-Y^^/MI-f-§l) 2 4-1, 24-N 

2 4-N*^^>a^Wf5^Mc ' 1 ( i ) , c' 

N ( i ) ;&itli:»3§^i§fc^ttc^;fcgjtA2 [b 

1 ( i )],■■-, A2 [b„ ( i ) ] *i^iimffi^J§ 

tLi>. [bi (i)],---, A2 [bf, ( i ) ] {± 

M»fl25-1, 25-NtCj;0Ai [b 

1 ( i ) ] , -, Ai [bN ( i ) ] A^itt^'tmn.^ 

ix. mz. -(y^v-'^^2 6-i , -, 2 6-N^m 

matTAz [bi (k) ] , A2 [b 

„ ( k ) ] ^: LX0^li!,:hmim3 1 St^'MSIl2 2 - 

1, -, 2 2-Nt;-^amffi*&^ix.g>« 

[0026] ^/p^jL-Hf- dtsiufi^) *»i?.osmfi 

^r, (k) (m= 1 , M) #'(l::^3 ItOA^ 



Dfl 



(k) = 



9 = 0 



Q-l 



n = l 



) 



t:mm.J-—f-»&L-^h-^fzi^<^t^j:^. q = 0, 
Q-1, Q{i:#iimm^<7)v;L'^.'N°XC0l:. -etTv-; 

y (k) = [ir-i (k + Q-1) ir- T (k + Q-2) 

] I 

= H:-B(k)+n(k) 
id-C'. 1- (k) = [ri (k) -r„ (k) ] I 
[0027] 
[iCl 7] 

H(0) •••H(Q-i) 0 



N h„„ (q) • b„ (k-q) +V„ (k 

(20 ) 



(k) 
(21) 
(22) 



[0028] 
[SIS] 



H = 



0 



H(0) 



H(Q-l) 



(23) 



H(q) = 



h]l(q) •■• hj>|(q) 



* m 



(24) 



fzf£L 



[0029] 

B (k) = (k + Q-l)---t3T (k)---t3i (k-Q+1) 

] I (25) 

to (k+q) = [bi (k + q) b2 (k + q)---bN (k + q)]T 



q = Q-l, Q-2, -Q+1 

^— f ( mmm ) 4. <^m-^ti^mmT$> «. ^ssr s . 

' (k) (k) -H 



(26) 

Lrzi>co. -:>t'0^W^l^y°O:^^i ■ B ' (k)$:B 

iLTOT^oj; 3(:, y ( k ) A^^.^tfo^^v-ru ^ 

Sr5l»LTig3j-'<:.i? ' (k)Sr^-r-l., 

[0030] 



B - (k) 



( 



(k) - 



(k) ) + 



(k) 



(27) 
(28) 



B' (k) = [ "t> ' Mk + Q-1 ) ■■•"t> ' T (k) 

Q+1) ] f 

t> ' (k + q) = [b'i (k + q) b' 2 (k+q)---b'N (k + q 

) ] I :q=Q- 1 , -, -Q+ 1 . q^O (30) 



T (k- 

(29) 
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to ' (k) = [b' 1 (k) •■• 
To' (k) <50gS4'<50 0{Sn#SfS!>S. b' 

„ ( k ) {ijt; ( 1 5 ) tmMiZh' n ( k ) =tari h 

[A2 [bn (k) ] /2] Srt1-»:LT^A6/slR¥iJ®S 

[003 1 ] i^Ct^T^^fiSc^j-c^a D , DT*fi!c^MxT 

( k ) =arg min || 

'95K*65tw„ (k) ^fflV»Tw„ « (k) • 3- ' 
(k) SrltSL. ^^OltfflSmSrx-f >-^'U-A2 3- 
n^^LTAi [b„ ( 1 ) ] hLT. m^^24-n 

[0032] Jr— Hf 1 ;i)>^5N ^■t'l;iLhc7):trffiT-^ftff-^ 

<50fS-^ll 2 4 - 1 , 2 4-NtCj; Dfl-^Sil-g', 

(MI MO) ffl^<?3t£5iT-S) ^ « i;Uic7Jii0j*>^>. -^m 

iimm^ 1 Olllg«BSt^J«iSI 2 tc^-r J; ^ fc=Sr& , M 
HcDSftfi^r, ( k ) b;l^^g|53 1 1 \,Z 

X. DSff^:^ b/l- y ( k ) if^^^ix. !f ri; 

«0^kSE3 1 2- 1 — 3 1 3-N^tt*&§il§. t/i^ 

-v^-;t'ftSg52 8 \,zii\xx.t\%^h.tz^\^~-jV^3\ H 

t^kgPS 12-1 — 3 1 2-N/^tt$^§tl.^. 

^•>7m-^fl2 4-n*^^.£7J*l|ff'lff8A2 [bn (k) ] 

t^Wm.i^yiT^)V^n>3, 1 3tA:'3§ii, m^-^TJR 

f 'J®limi^>'#>ffiSffib '„ (k)=tanh[A2 
[b„ (k) ] /2] iififi-mSfLS. ^-(1:353 1 2-1 

-3 12 -'i^n<nmmmkh mm,m-xh o . ^ftse 
3 12-1 x^^y^xmmth . 

[0033] S ^.tcKfJ^iUfti^y^OKOttSffib ' i 

( k ) — b ' N ( k ) Ti^UT'J;*?'^:? b/P^fRgp 
3 14-1 l^ffiif&Sil.. 5^ ( 2 9 ) - ( 3 1 ) l:J: 
^l^r'J;??^^' ' 1 (k) //^Jqg§#i, ^cr)K. 
i^h/t-B'i (k) {S7^;W^3?nJigp3 1 5-lT-^ 

-V ^izX'Oy ^ 'l-i^ ms. ^fi. ^ co^M;C7)^ 

^i^ry^^^H ■ B ' 1 (k) ifeMffaE3 1 

6- 1 t-gfi'vi? h;P3^ 1 ( k ) *^*illLai/6^ix. H 

^^a;^ h;^ 3^ ' 1 ( k ) ti^±iS.^tl^ « 
[0034] 7 ^ /V-9i^m.m^m3 17-1 t:il'--< t 

icwi ( k ) *>^i6A.tL^<. i«MTi±^-\'JT-;t^fft^ 

§1 2 8 j; i9 cr>i~^ H i: Jl^^^Oit^^fSc 

¥XfJS^>4iVl^±fiJcaP3 1 3 - l:6>^>c7)^fJ5gjSft 
^-yrK/l^b ' 1 ( k ) — b ' „ ( k ) JV^im.^ 
953 1 7- ltcA:^]^il. 5^ (32) S:S/ht-rS7-f 
/l-^^i^ wi ( k ) :^)^«/J^Ti% 2 ^I^HMffiTsKis^ 



0---b' N (k) ] T : q = 0 (31) 

y;)5r H • B ' ( k ) <7)^^iktttC^-:?<^^J# 

S|n#g<50:x-iffflco'7 >f /k^^f^^Wn ( k ) SrOT 

<?)5(: ( 3 2 ) Srft/ht-r-i> w„ (k) ^MMSE (ft 

^J^T% 2 ) mmrcik^ h . 

< (k) • 3^ ' (k) -b„ (k) ||2 

(32) 

fih. ^Laiy Aiv^\W^-^x (k) ^^^hB^m^m 

mtm:--&'<.h .m^y < iv^^mw^3 1 s - 1 t-ifeJi- 

<^'h;i^3^'i (k) >i)>7'f;L'^'fM3[-wi (k)tc 

^w^-ftltiiSlh LTAi [bi ( k) ] :^?saJ^]^i^S, 
[0035] ^fcHf)aiL5t<lcO^Hflc^llll6^JCO^ASJ^ 

tii ^' - so mm-m * la 3 (c^-r „ x 7^ 7° 

S 1 -CMft-i- r (k) b^hly~-y:^'m-^h 
n ( k ) ;^^>^^-v:^v^fflh„ ( q ) Rim^f&if<^)ik7t 

„ (q) :6>^^-V^^Mf?iJH ^ItSL, Xx'yrS3 

A2 [ b„ ( k ) ] *>^>!R^J®Mflj^>'^;i'«£«b ' 

„ (k)=tanh(A2 [b„ (k)]/2)^im 

[ 0 0 3 6 ] Xt- 'y T S 4 -CMfl^ r ( k ) ^j^^>^ft 
^^hJl^r (k)^^L. Xf-^/TSSt'^licWS 
ilft-^VrJ^n ftSffib ' „ ( k ) ^fflV^Tsi; (29) — 

(3 1 ) tcJ:'9^^^TU;^<^'h;l'B ' „ (k)* 
±f}^L. X T- V T S 6 T- n ^ gjMmiS j; 0 cOgftfl-^tc 

m-^T^^tJi-i^ru^H: • B ' „ (k) 2:ff*:t- 

•I. . Xr-'yTS7 f^fi<^' b /L- 3^ ( k ) jI)^ 

• B ' „ (k) SrMLai#. 
h;l^3^ ' „ (k) ^i^to-S., XT->yTS8-C^^^;l^ 

H t , liC^JJgjMm^-V^^VPb ' 1 ( k ) -b ' 

„ ( k ) t. m'^^-^^coik^WLo^ ti,zj:K>. nmsmm 
^coim^n ( k ) ( 3 2 ) im4^ti-i>m^ 

[00 37] X7--/'TS9X'^'^-i'V)V y ' 

n (]^) {znLy ^ !V-9m%^n i"^) >iZl^y ^ ;v 
^^saa^tfoTmA^JtAi [b„ (k)]^#S. 
XT^'yTS 1 OT-Ai [bn ( k ) ] *->^>Wlu'lffliA2 
[b„ (k) ] SrM^L/ca, 7^-^>:5'y-7-SrML, 
KtcS-f-&^T'5T^:tSJtA2 [bn (k)]^ffi>^) 
■f-^. C:c7)X-r-yrS4 — S 1 OcoMJi^n= 1— 
ov>T|Hl^tcX{±)iiiJ:ttT3„ ^cr)W^. X^r-yTS 1 1 

-C-^ii±SibA2 [ b „ ( k ) ] ;^)^^>^?hg|5Wfli A 1 [ b 

n (k) ] "kWM-L. ^<Dm^^4y^^)-':/LXVm 
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r„ ( k ) = 22, = o ^n=i 
k) 

f^-o-^NVPxjtis^) c?)h„„ (q) c?3fity-fXv 

A-^-;KSh„„ (q) ^Jft^LTvK, #^^*;H*-^ 

24- 1 , -ftOMStt^irtAz [b 

1 ( i )],•■-, Aa [bs, ( i ) ] c7).eix-e"ixfc-::>V^ 

■i-ft-i- (3*fi»-§-fl:^>^;H!lf'J^tt) bi - ( i ) . 

b„ ^ ( i ) tLXli^:nL, Cii^^bi ^ ( i ) , 
b„ ( i ) {i-^>'^'U-^^2 7-1 , 2 7- 

N §r ffl t T S D jM L ->r 2 8 tc A^J § -a . 

f - ^J\^im^ 2 8 1 aSftm-f- r- ( k ) ^^X:^ § ix 

V- KIE'lf SP2 9 5&^^>:x-->7<7- K 

ii-^mmt^b LXA■^^i^h . f-^ ^^;kft7gS2 8 {±<1 

[0039] iOj; dtcM^-->'^'"^^?iJSrfflv^.g>cD{i 

<$:<7)j: o(c-ri.i: iv^o 'e<50ffifct;Sr[a4Bi;s^-r<. ^n. 
>-4<vi^tssffi nmmm i^^mmt Lxm^^xyv 

^^2A-nii^CyC?mmimtA2 [b„ ( i ) ] ^ffl 

t^T«IiX3&iiE^^>+l, m=3:^>-li:-r-&>Ii:t;J:-^-C 



[0038] <'K\Z^'T^-)i'm.'&32Q\iZ-:^V-^XW<h. 
#Sft«-^r„ ( k ) li±<!K^X^i:>^^ <, 

h„„ (q) ■ lo n (k-q) +V„ ( 

(3 3) 

'^nhKh. -e«^^<50Mit±jKJtA2 [b„ ( i ) ] £7) 

■1. . mui. nWiitmo .3^1 ^ WSLfcB#60 1 j; D 
. «lfc*JK 5 1 ^iJS Lf^ t § <7) 1 cf^-fjtmt^i^ t 

b„ ( i ) ^a^t. ^ti^fflV^Ti^i9Mt^-r^^;t'« 

[0040] ±i^%^n2 4 - n J: DOMicfcmkAj 

[bn ( i ) ] Srfflt^T. i^y^^JVmm'M.m.h' 
„ ( i ) 

b' n ( i ) =tan h [A2 [b„ ( i ) ] /2 ] 

LT^*^ ^ o i cr>m^mm:m.m.^ i tss^s^t Lite 

(cf-y? L V ^fl (Oi: lam) 2ra*XT*3#. -fcoti^ 

wsffl b ' „ ( i ) ayimim^^c (7) i t>\-mx^h±^ 

\^i,cr,l,zMLX^cr,mnMmh \ ( i ) ^U^LXio 

zix.^m'OML^^^-'vmmizm^'^h. mtav^ 

V HIS: 0 . 9 tciS7gt-|> i: IX^UjEilb ' „ ( i) cooh 

ztii^^mmLxfTom'o'^Li-r ^^)m&c^ymmi,t± 

t^tti>. -:>t'0M.m^L^\^MiObl(7)mx-m&-t 

^smt^^y^. mfib ixmzL^vm^ i timLfz 

tfAtai^'g.;?)*. Ls^iHiiio. 2—0. smmzmm. 
Lxno. 

[004 1 ] ifi-ox 1 \B\sc^)'mmi^yyn'p^mzMi-i> 
mmi^y^^fmme. (mmme.) bi - ( i ) , -, b 

„ ( i ) '^coL^\>Mizi^mii-^L\'^bfm^tifz 
i^y^itVmS:-^ >':J'U— ^^'2 7- 1 , 2 7-Ncr,iii 

i]i-mmmm>-y:f^)m^mb Lxwrnyy^^^iim 

gE3 2tlB1gL-ri3#. Smft-^ 1- (k) (D2mScr) 

m^MLmmmmmi^zm^xii (gfifi# i- (k) 
xi~^'^-)i^m&in^K mzmm>-y^^}i^^mizML 

X. MIlIS/>'4^VHB1igP3 2*>i^. iftS5llti>y>1^V^5a 
WSMSfflb " 1 ( i ) . -. b \ ( i ) 4iiOil;&^^> 

L\-^b'f^i^^tifziyy^^MfM.it±^iiitXi-^ ^-/L-ft^ 

„n (q) tcy2 Srfflv^T. Sfifi-^i- (k) izn^t 
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flS^ iXT'c « ^ ffl V ^ S ffiS i: i D 7 L— A \H^W.X' 
2tC{±^-^^-^><7)illfi~^>'d^Vl-®¥'JSfiSb ■ 

1 1 ^ i: s ttJt y Wfi ^ lu HI V y jf^fVim^ 3 2 
tcmitgiftMif L , i « HuH y 4^vne'iigE 3 2 wia-ig 

i^yd</Hit^fiM^-&**^tc-f y^' 'J-^s-2 7 - 1 , 

2 7-N^jit-Cf-v^-;i^ttS^2 s^A:^}-^-!. J; 

[0042] Z<^i:di,z^^.Lti,zi.'oxmML{zi: 

i)^(^h^-^i^ y:r^/um^\^m ^m^^xmmi^y d^/n^^j iz 

izm 5 iz^rrrmmmm.mm^tii> . Mm^mtA 

2 [b„ ( i ) ] mxnmm&U2A ii.z?mk. 

b' „ (1 ) =tanh (Aj [b„ (i)])*itt«L 

Six, m.m=^yt^)V'mm§.h' „ ( 1 ) *^«s$ih-, 

^<50ffib ' „ ( i ) *-'i:tlSSP2 4 2-CL^ V^ffiK^SB2 
4 3;^?^^>c7)tSV^ffiThi:J:tK§i-l, b' „ ( i ) 
h i.XhT' U T h J; 0 /J^-C 0 *i mil S a S „ 

Sit A 2 [ b „ ( i ) ] tmm'&m 244 ? a. 

A2 [b„ ( i ) ] ;6iiE^^>+l. m^^.-lh$ix/>: 

i^yif^fVW^m^h \ ( i ) iim:^^^!., icov-y^fc 

ji-mmmth \ ( i ) {i, wjiE-r^^>^vk«ic¥ijjEfi 

*^ L I -^mXtX' htLliy~h2 4 5i}mb^tLXiiii] 

Six. HI cf«^' >-:^"J— >'^'2 T-nSratTluinS/y 

[0043] ttzmi)^^ u-^i^y^^)mm&m.i: i>mm 

w„ ( k ) = ( M ( k ) 

C3- (k) =E [ ( B (k) - B ' 
=diag [ D (k+Q- 1), 

E [] {±^1^^. ciiag{i^:ft^f?'J (^E^ftiaoMSi-mco 

D (k + q ) =diag [ 1 - b' 2i 
) , -, 1-b' 2 „ (k + q) ] 

q=Q-l, Q-2, -Q+1, q*0q = 0(7)B# 

D (k ) =diag [ 1 - b' ( j 



Xx'yTS IfSftft-^r (k) i:-X--^y-h- 1 1 

i s ^ ^-;^^t?E§^^f 1^ V, >/ r s 2 xn-^-Ma^o''' i 
mm^t^'^m'<: im^X'hixii. x^r-yrssx-^ 
comj^Lfz^^^^Mih^^ (q) i:m\-^xmit. mnm 

a. i9lM3 4"«^-r-yTS 3 — S 1 OiOiiliaSrtT 

^ , Xy'-yy'SAX'nm.itmtA, [b„ ( i ) ] 

t, mmi^y^^/mfmrnm^mK mm&mh ~ 

„ ( i ) i^ib. X'r-yy°S5XMM±&itA2 [b„ 
(i)]t^L. b'„ (i)=tanh(A2 [b„ 
( i ) ] /2 ) ^fH:tTiimi^yjK7U«tf'J!efitb ' „ 

( i ) STft/g-r-s, xxv7°s 6T-s^y;}iVHJ:¥ij5gfi 

b' „ ( i ) ^iLt'V^ffiThljLh^^AHCj; 0. >itJiE;^ 

ytUV^m>i&S. b " n ( i ) iOW*^ ^> L t co^m^ 

J: 0 . ttriiiv'y^vna'iisps 2p^(5otaiii^^2rM*f-r 

iE11lC{ill3tti<50X7^-yTS 1 2SMTll3tt>iO>?.7"-y 

rs itcMSa 

[ 0 0 4 4 ] X-f >y 7° S 2 TII-tMa^i)^ 1 HI t'^rV t f ij 
SSn^St. XT->yrS9-CHfr[Ili^y^;HB1i§B3 2:?)^ 

fir El totals 4^/1^, -oi owt:)^^:. t\mfmiyyyi< 

tLhtiJV^Tti. 2[liamtS;to3CTt:ii3i^-rt. ^ 

lax-^-r J; 0 iz^ xf >yTs 1 ' X' ims(7mmt)^im 
imgcoiyia-c-fcixti^ XT--yrs2' ■r':2--->? 

V-FSr#,^ft^i:LT^ix^. gm^-thtiO^^ 

;W(t , 'e<7)«Stcffl»/^^^#^N°5^-^'«fi^iaitMt- 

lati Lfzm. -y r s 3 <7)^t , a-f-^Ki^^s » 

[0045] XT^>y7°S 1 ' T" 1 [I]gT-^{tix{S\ 

r S 9^^!. o F/ffst (32) coStivXslii; ^rl. . 
■IH +(52 I ) -1 • (34) 

G ( k) (i^-Y.7-;l'ft^2^l^tjt^jS-r^o 

[0046] 
) ) • ( B (k) - B ' (k) ) H ] 
D (k), D (k-Q+1)] 

(3 5) 

g«{i-te'n) im*>T. 

(k+q) . 1 -b' 2 n ( k + b 

(36) 

) , 1 . 1 -b' 2 „ ( k) ] 
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[0047] 



l,(Q-l>N+o 
"2,(Q-IJN+ii 



(38) 



0] =0 
-, 0] 

(40) -C 



[ 0 0 4 8 ] o4 0 h (23) c?5 H CO ( Q - 

1) • N + n^JB<7):^S»3i)»ji>^r-g>„ 1^2 t;S^L?t J: ^ 

D (k + q)=diag[0, 
D (k) =diag [0, 1 , 

■O^D, 13 ( k ) <?)S*ct5<50n^Tn?IJ<7)SIS(7),^/f)i'l 

•C, fficO:^TciO^«{iOi:^l>« Ztli^^{39) , 

■VS^^ ( k ) = ( 1-J. ■ 1t.H + (72 

i;^^, iTLli^ (3 8) X'&m^tifzi>cr>, 
[0049] CltfOjfifatCiD. w„ (k)(±ktCfi5cff 
L^rt^/cto, «ISjra<,B#Mktt03l^fi?iJlt&>6^^Si: ^: 
•9. tf«*^iiMSn-l.« <I<7)5e (4 1) izML. mf 

A-»=B-BC (D + CH BBC)-iCH B 

T^t^tih. ^(41) fpcomnmrnMco^-^i^zzcr) 

h (k) ■ h. (k)H I =B-i+CD-iC 

H 

ta (k) • Jn. (k)" =CD-iC« , <y^ I =B 
-1, h (k) =C 

W„ ( k ) = 1/ ( 02 + h H 

^mt^^fzibl tLXhJ:^\ ^-oX^n (k) = 
In i:M{t^*^A>. lntfO;^».T'w ( k ) 

M tftfOs^ (38) -C-^S^xl. h to;2.S:A:fJt-#i«"j; 
[00 5 1 ] ^c*3, (39) , it (4 0 ) 

j; 19 it ( 3 4 ) oimM^ii'- < t-s i t *^-r-§ ^ „ m 



(37 ) 

2S.t>'SI^«^KJ2 b . ©C^fJ^i^^-^^/l^^^gB 3 13-1 

J: 0 wim^ESftv-y Tf^vi^b '1 ( k ) -b ' „ ( k ) 

„ ( k ) *5jt ( 3 4 ) — ( 3 8 ) j; 5ixS <. it 

(34) imffmmM&'if 0 z t iz^^^tiK zc^mMn 

(Matrix Inversion Lemma) SrfflV-* 

s i 1 1 J; Kimx-^^nm-t^ ztti^x^ Oit 

( 3 6 ) &V ( 3 7 ) c7)#b ' 2 ^7)SI5:5i-Sr^-C 1 t<zmX 



(q^O) 



(39) 
(40) 



S Sit ( 3 5 ) tOlMUftM O- ( k ) ^it 
(34) tCftAt-^ ^ . 
I ) -1 • 1-1 (41) 

BS: (M, M) cr>i£nW\\. CSr (M, N) fi^^L 
(N, N) cDiE^r^T^iJ L . A=B-i+CD-iCM T"^ 

(42) 

I =D-i, ta (k) H =CH 

t5rO. iix^ffli^Tit (42) 2rltfl:-rt^.H'it (4 

1 ) ^<r)mfnu%ti^M±h. ^rfcit (4 2) 4'ti>a^ 

tf^lJvaM: (D + CH BBC) -i*i#St!.S5f)i\ iCOjttf 

[00 50] -^i Oic^^i-^ts. 

) h (41-1) 
?:<72 I t-fSi;. it (4 1- 1 ) ^ciK-f i-Stcw 

( k ) = xmxx^ . ^'jtmx^w.zmm^hts: 



n 



t> ' (k) = [b' 1 (k) b 

b' n-l (k) 

b' N (k) ] (43 ) 

;t3^'t. f(b'„ (k)){ib'„ (k)^A*i:-r 

b„ (k) tiMLTt^OITiEfl-^m^^BftS-ttS^ 
i;:0^«rtg^:=5r-g). Db' „ ( k ) = 0 ht->g>i 
< (b' „ (k) tcjS5t?"cilS^cfit^jD»:-ri.^i;tJ; 



it ( 2 7 ) tc^LitgfK^' 3^ ( k ) H • 

B - (k) ^M^t-|>^-fl:MiMT-{i. i^mt--l.ft^b 

„ ( k ) mV(^'^^(^ws,i^y-^^)vm'mm±Wk o rriE 

fSmm35)^RB*S:flTV>§^\ ^^tii^|,fi-f-b„ (k) 

\,zmthw<mMmwi^mi^mk^ivz\^t£\^. ^z 

[00 52] it (29 ) 4icOb' (k).'3S0it(3 

1 ) ^i'mizm^^h . 

'2 (k) ■•■ 

f (b' „ (k) ) b' „.i ( k) ■•■ 

i^m-t^--h^ztj:-ox. b„ (k) ^iEL<=^m-r.s 

[0053]f(b'n (k)) tC-^V^TJi. b ' 

n ( k ) o^f-f-Jib ' „ ( k ) tc^jEt-l) i^>'*;^« 
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n 



n 



{ i i: b ' „ ( k ) izidmt -g. mmm y Tf^}v<r>mim.ifi 

f ( 0 ) =0 

T-J) -g. o i b ' „ ( k ) «ft*^':^ i (tixtf Mf* f Wffl 

d { f (b' n (k) ) } /d { 

iOi^^f (b' „ ( k ) ) O^Jt LTJ±. 

f (b' n (k) ) =aXb' 
f (b' n (k) ) =aXb' 
*^W^fi-2., Mtil^ (4 6) S:ffll,^-CaSrSi:i:'r 
(4 3) ^ISmizm^T^^, iiT'«{40<« 
<0. 6T'$.^. aSrO. 6 X 'Oiz^ tMlZBE 

C3-(k)=E[(B (k)-B' 
) « ] 

= d i a g [ D ( k + Q- 

Q+ 1 ) ] 

( 3 1 ) i "9 



b ' n ( k ) = 0 , *5®¥'JSv'>'4<;PcOftfItt;&>"0 

(44) 

b' „ (k) } so (4 5) 

(k) (46) 
(k) 2 (4 7) 

[00 54] *3t. ic^i^^rb' n ( k ) iO^tCfili 

MMSE ( 2 ms.^ ) 7 ^;P3?cof^l5:w 

„ ( k ) Sr5t<46S^tcffll^Sjt (35) SrJiJlTcO i 3 
(k) ) • ( B (k) - B ' (k) 
1 ) , O (k) , O (k- 



IcTT-^S; (29) 
[00 55] 



[^2 0] 



B'(k)- 



b'(k+Q-i) 
b'(k+Q-2) 

b'(k) 
b'(k-Q+i) 



b'(k)= 



bi (k) 

I 

til (k) 



[ 0 0 5 6 ] h-T-S., D ( k ) i0n^fn?ijc0g*{4 
E [ (b„ (k) +f (b' „ (k) ) ) ■ (b 

„ (k) +f (b' „ (k) ) ) ] * 

E [b„ (k)2+2b„ (k)f(b'„ (k))+ 

D (k) =diag [1-b 
1-b' 2„_i (k) 



f (b' „ (k) ) 2 ] =E [bn 2 (k) ] +2E 
[b„ (k) f (b' „ (k) ] +E [f (b- 

n (k) 2 ] 

:icr,mimcr)^^miiltti:h. */ib„ (k) Srb' 
( k ) X'^&X-tht^ (3 7) mXYcnii. ol<Ztc^. 
[0057] 
\ (k) 1-b' ^2 (k) •■■ 



f (b 



n 



1+2E [f (b' „ (k) b' „ (k) 
]+E[f(b'n (k)2] 1-b' (k) ■■■1-b' 2i (k) ] 

(48) 

( k ) ) Sr^ ( 4 6 ) b L/t^-^tc {i, D ( k ) {iTI2^ i o tc^r^ « 

E:>(k)=diag[l-b'2i(k) l-b'22(k)--- 

l-b'2„_i(k) l+(2«+aMb'2„ (k) 1- 
b- 2„,i (k) •••1-b' \ (k) ] (49) 
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^^h.. ^mw-f (b- 1 (k) ) tp-mm-^ti^. t. 

tz N mnm.n^i}'' mxn'&mm v tt^jv b - 1 ( k ) 

-b'N(k)i:f(b'i (k)) t^^i^n^^m. 
3 3 2-1 \.z7<n it ( 3 5 ) , it ( 3 6 ) ^O^st 

( 4 8 ) J; "9 i^lfeft?'J ( k ) :^3iia»:^$ixl, „ 
c:<7)M^^f?'J G- ( k ) ft?Ef-v^-;Hf?'J h 

cr2 i:}{)i7>f;^^'f^i!c^^gP3 3 3-ltcA:* 

-r^T-^ (34) imm.^ix. ^my^jv^im. 

w„ (k) ;{)>}SSSa'l>« ^(7:»**^<ST?i^l-7°y:^?'<. 
^h;I^*)S;SP3 1 4-lti) f (b' „ {^))ifiKh 
Six. 5t ( 3 0 ) hit ( 4 3 ) ^^^.it (29) tOT^lx 

T'J;^f^i? h;i^B ' (k) if^m^^ixh, 

Sj£ w„ ( k ) J; 0 h^L- 3^ ' ( k ) jO^aiE 

Ai [bi (k) ] ^fcH2 4i<^y'^;l^^' 

«aftSSI53 17-1 CO«-^{ill7 A4itfOMiSsmSI53 
3 1-1 ti. imSMfiv-yTj^'/kb '1 ( k ) 

-b ' N ( k ) ^0;^;<)^■ifl||^T?ttfi£aE3 3 2-1 

St (34) >?p'?limsa.|..rt(c5ri.» 

[ 0 0 5 8 ] H 3 4^ tiSV . X r -y r S 4 fT^^kT 
y ^ ' (k) Sr^L. Mtcx-f >yrS5 

Wn (k) ico^f >yTS8c7)35niiitct3 

V->T^ (34) SrMff-r^*i^{i. 117 BtC^-r J; 3 
tC. X^'yT S 8 - 2-Ctii:WSJll^t>'^#■/^b ' 

1 (k)-b'N (k) SrfflV^T. 5t ( 3 5 ) - ( 3 
7) €r?mfC^il^T^iJa- (k) Sr±^L. X-f-yT 
S 8 - 3 Tffiilft^iJ C3- ( k ) h ftjg-f -f ^-;Ht^J M 
St^B-t^^J cf2 ^fflviTst (34) CDvISt J: iQiaB 
7 ^ ;l^:5'f^t;cw„ ( k ) ^m^h . 

[00 59] MSiCO J: -5 tcl^tH Lfcii-^tci^'9ITiEtI-^ 

S 4 cOlutCXr- y T S 8 - 1 -fl^tt; Lfc I ■^fl-^tOK^'JS 
m\%^yif^}V\>' „ (k) ^M«tM»L. >Iix*fflv^ 

X7^'yTS4Tii:st (31) t^ftOtCst ( 4 3 ) Sr 
fflV\ -OS 0^ ( 2 9 ) . 5t ( 3 0 ) . St ( 4 3 ) tCj: 

DTi^PTUji'^:? h;P B ' (k) *iiijS,L, x-f>y 
TS8-2-r'it (37) OOftDtit (4 8) ^m^i\J,t 
i.\^.mWLfzX.'b\Zf{\i',, (k) ^«b' 
„ (k)X{4«b'„ (k) 2 i:-r^:«-^T\ cf&^-fk 

§ -if-i. >yrs8-i-i x'vmwmi h \ -At 

7^-yTS8-l-2Tl+ (2a + a2 )b'n (k) 

2 ^rMfftXf (b' n (k) ) h LTfflViixH'iVi, 

[0060] ^(Tim^'fhm^^m.'ot^^m^wM^ 



( 3 9 ) &t^" ( 4 0 ) i>z^Lfzi&n^mm-t h ztt/^x- 

^, .r <7)*i-^(i: , miAfpi/zmmT^-rxo^zy^ji-ii^ 

i^WL^mS 3 3 - 1 ^^^^;PJt^S2 83&*^>st 
(38) tc^-r^f^iJ iTT. O^^A^J-TiKfj; ±mT 

ammy ■< )vs\m.^n ( k ) srst ( 3 4 ) tcj; 

4^"Sft^IM) 1 ®ST1i:. St ( 3 4 ) t^^iOMHK^' b 
;k C3- {i#ffi4t?ij t ^ , tfll-^-r. IfeS^^^ ' 
(k) fc. M^--y^^fi^Xi4iti.fc®¥'JS3!ifii/y 
^VP b " „ ( k ) . if i L < {ilffji t^c J; 5 iciiffiJK^i' 
]«V^b"„ (k) i:*7^';k^'fiic^gP3 3 3-l(c 

AS]LT, RLs {nmm&4'^2m&) ^t'^tmmLx 

a<^Wtcaje:7 f^iSc Wn ( k ) $-»a} Lt J; 

m.^c^m>oMLm^£0 2msimit. m}iiy^j]^^im 

w„ (k) ^iyy:r^>imz'mM-ti^smfj^hKi . mz 

iS[Wn (k) ^?;feSt--l>it50WS LV\ 

[006 1] m4^m i^^r^-ji-mM ) 

m^L^Xo izm K> M L^-v ^)V'mmzjL-~^v~ K 
i: {4 . firia^ A^( ^ tti :fJ :^ - ^■^fl^ffitcf iJfflt- S 

■^m^zmmx^^. 

[ 0 0 6 2 ] 081;, C:cOlf|gi^i^*;;l^cOSfiJSttii^ 
-f-. n5-f-f4 l{i:}SSif-\':t-;H«i;J; Ol^ff^ 

■1.0 Sftfi-f-r (k) {t^-Tf^A l^A^fjS 
iX^t^{Z. ^■V^Vk»Sll4 2^iah|Ag^^ ^^^s;^ 

ISg||4 2 tiigmm^r ( k ) >:IB'ltgP2 9i}^i^C!y:J- 
-—^U~¥h{z2;:^^^:^^M§. UmW^^) ti'^^ 
Six. ^(nm^^fifz^^^^^MmzX 0 

( i ) {4s/^^;pas^4 3t'A*§n^<7)«:WSffl 

b' ( i ) fOfgMfI//L i=V^flThIiLii-CfcixH\ ^-^^ 
®¥iJSttb - ( i ) iS*-^>Lv^ (fi^tt*-'ftV^) 
<7) L TM 0 V >■ ^VHe-liSR 3 2 tcSif ^Slft S ix , m 
tcio(t^P|-^fifi-§-r (k) SrMDiiLS^iJIM (-^ 
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[0 0 6 3] ^~7n-(ay^^~4 1 iSMxIf H 1 (c^L 

w(k)=E[3^' (k)3^'H 

] 

= [ H A ( k ) H+cr^ 

1^= [H (Q-1) , -, M (0) ] I 

H ( ) {4^ ( 5 ) T-Jg^^ttfctiT). cf2 =E [ II 

V II 2 ] («IWc?)^tS£) 

A (k) =d i ag [1-b' 2 (k + Q-1),---, 

1 , 1 -b ' 2 ( k-Q+ 1 ) ] 

( ) ^it€L, .r<7)f--r^^;i.-M ( ) ^fflv^T^-ft; 
7 ^ yl^r^'fmw ( k ) ^V). Sftii-i-* 7 ^ /I'^'fm 
w (k) X-y ^ /V-i^mML. ^commLtilii:fjlznL 

T . ifriafiUtt s ®¥iJ€'if fs y jJ^vp ^. ^ 

[0064] m9liV—9 ( RAKE ) -^^m^^'ilO 

i^^-Tr^'^mmcr>mi^'t. s«ft^r (k) ^rak 

1 n a (i:^^ ^^;l^«S§§4 2 T-Sftfi^ r ( k ) t i::^ 

-^"7-Ki;(cJ; RAKE-^ 

m^MMA. 5ni,zii\^X. ^i^yif^ivmiMnX'^mz 

W(^mmzn^hnmhKAKE.^mmm)K m&^ix 
mtmi>tLX-?—!f^f^-^'A 6^ai^j$tL-i>« ^'-jk 

"t^-^A 6 i Oa-^'r-:5' c ' ( i ) i: . fcWSffi 

b ' ( i ) ;6iai:tl§il-&o «5:fl5gffib ' ( i ) tii^V^t' 

;i^M^S4 3tcA^iS^x, mWhnmi.z. ^cmhh 

l^ttOtO'lffB>'>-;}^Vt'<?)®¥'JSfflb Mi) J&^'luHIi-^- 

^^ivimms 2\,z-mimi^ti^ . 2mmmk<^^j^¥. 
[00 6 5] lai oitT^y'T- y (MjtG) Ti^-ry 

( k ) HT^T'f < yTU-Tyri-^m^A 7 tcSfi 

Sa. ^iOSfifl^{i:^-v^-;kS5Etff4 2tc4j-igA1J§ 

i^-ryr-i-^mMA 7<?or>'T-^Jgi6]*tttto±t:-A 



xhh. 112 gf+isosfiia-c-fco-rt. J;v\ -^^o. <i 

<r)m^h^ (19) coMfi. OTiai; 
(k) ] ■ E [b (k) • 3^ ' (k) 
I ] ■ (50) 

xiinmt^^w&mzm-hmmm'&^ix. ^(om 

fixw%^fi. ^fofi-^^-^c ' ( i ) htmm^ 

b ' ( i ) A^ai:ti$it. ^W^fflb ' ( i ) \±i^y7^s)V 

m&^A 3 nt-h \.\mwm.t)mw^y 

^vnsisgB 3 2 \z^mm^i\.h . 2 hi mx^mrrr 

y- A-frV—ry^-f-mtUA 1 -^—if-y^—^A 6 

iOM0jELSflj{Pltfcv^T{4-?--v:t-;uiiS§ff4 2t:--2- 

[0066] 5SrfeH8tt5(tS^-^^r7^>f-r4 IJi: 

mt^^t-i: , HI 1 AtCT^-Ti: 3 mA^JKfH^] ( S 
I SO) A^yA^ (^bH) 4 1 ai:S I SOr^ — 

y (fi-f-iff) 4 1 b <7)[i:5iM g!offM-r& 0 , 

-(1:^4 latm^A 1 bP^T-MDMLUj^J&ilfi^iX 

-g.^ HQat/Hl 0 4'cD^-.-ii"-r3-^4 6i4MB&t-^ 
-tt. mi IBlZ^-tXol/Z^ S 130x3—^4 6 a 

i: S I S O-r 3— ^'4 6 b(?)a:?iJJS«!cr)JFM-C'ft 0 . t 
:3-iJ''4 6 a ^ 4 6 b PalT'^ Oil LfM-^y^^'IrtJ^Xi. « H 
9S.t/Hl OtfCO^'— ^JfT'n— :5^4 6{4. SISOx^ 

[0067] i:A±cr,m8Jb^ 1 0 tJtflJSr 4 t y> 
Till 2iZ7f;^,. -^t Dgfifi-^&^DjStSflK (^J' 

~^^smm) 4 9x±-r. i-^^ji-m^^A 2x-m&L 

mt. WiM.-^mm^bLxm-^f-i^ (j^y^vk) 

c' ( i ) t^mxmMmh' ( i ) ^mtit. ^mx 

W^ttb' ( i ) i>-yTf^)V^^A3l,Zi5\^X. 
V'^tttitSxLT. m^I-^T'-^'c' (i) {i^y:¥.}V 

2i,zwMmmLx. 2[a]gtJif*««s^^^^;Ma^fflv^ 

[0068] Hi 3tc. c:(7)i^>-4<;i^SW^1'lSrtfflv^ 
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1 HI S X'fytliiXr- V r S 3 fXT- -y 7° S 1 fJiS 

ffi t >■ ;|<';1^5S¥iJ?Effl lEMM 3 2 tciSIl t T ^5 

Xt- V T S 1 tM^g. . Xx V T S 2 Xm. D L^fitT) 1 
HIBf^STttfLa. X7=->yTS TT'IBMSPS 2*>fefrillc0 

y i: J; 0 f--^ ^>/^it^ ^ -3 T X x >y 7° S 3 

[0 0 6 9] iiOi^t, ll6^#M§L-CXx>yTS 

1' — S4' oiJiBBLfcidtc. 2m^mkcn)mM. 

V^TT.^'rx-1- T>'■r:^»^lM4 7 t :^-;t^x 

gE4 5^JfALTt <I<7)%^, RAKE^ 

w„ (k) = (HO- (k) 
-1 In 

= (HO (k) 



X\ V, ( k ) ^i^Sc^y 



2 &*t-|>afe'l4^'^X»#tV^3«Stcj:'9. E 
[n(k)-n« (k)]=a2 I b%^m.^tl 
So M'9)St^-r^vPfftS^2 8 (Ell)X(i:4 2 (E 
12) j; i^JiSSixS , ^^A-JV^m M t . <7 

(k) i:Sr. (34) tftALT 7 ^ /W^-fiiStw^ 

(k) ^o^aim^ix-i.. 

[007 1 ] FJfT-, ^i«v„ ( k ) A^afett^'^X^^ 
T^:V^«-^2r#i.l.. ^COJ^-^Ji. E [ n (k) • 

U = E [ n ( k ) ■ n » ( 
= E [ ( y (k) -H ■ 

k) ) H ] 

4-, Sftft-^tciO'^^'b/l^y (k) . ^-v^-^^PJt^ 

U ■ =2:^=0 y (k) 
h: " • B ( k ) ) H 

tmM.-th:iti:fiX'^h, T r {i#,^^i-^v•>' 

[0 0 7 3] ^OjSLf-^^-;P'ftSls2 8X{i4 2ti3 

t:. 5^; ( 5 1) ^fiMLTftii-tSE^f^'iJU ^ ^fist--^. 
^CO^Ji^H 1 4 tc^-r, la 1 4 A tSftfg-^tt'CT) 1 y 



SB4 5tCfc{tl>#S/>^Vl^fifflIlI«K«iE, RAKE-^lt 

[00 70] &^'&A''^xmu\!X9V(^'U 

flP*>#T>-x-^^OSftft-f-r, ( k ) SrS^-Ts^ (20) 

co^ffl4'«v, (k) ^i^^m^yxmmx'hhtim. 

E [V„ (k) ■ V„ (k-q) ] =(72 : q = 0C7)J^ 

0 : q^OCO*-^ 

^^-thm'^xhh. afe'[±:^'^x»^{ST:yx-^-*^- 

„ (k) Sr5t<46Sse (34) Xi±7^;P^'«l[w 
( k ) (50) ^cna^ I <50@|5j]-T-S)l>« 

W;i«f5': (34) CO w„ ( k ) {±. 

MH +E [ n (k) • n" (k) ] ) 

+cy2 I ) -1 Ira 

nii (k)]=<j2 I i:-f-i.C:i:*iT'#5rV^;^^46. 

-7 ^ }V9mL^^ ( k ) ^%m-hfz^\,z. m^mt 
<n>mmm. 'm\^ [ n (k) ■ n 

E[n(k)-nH (k)] hmt-th o ( 2 
2)C03^ (k)=M-B (k)+n (k)$r 
n (k)=3^ (k)-M- B (k) t^^L 

[0072] 

k) ] 

B (k) ) ■ (3^ (k) -H ■ B ( 



J: 0 B ( k ) 3{)^fM"rSg-C-S):aJd:\ fi^?'J U {iB#^T% 

- t€ ■ • B ( k ) ) • ( y ( k ) - 

(51) 

^L. lai 4Btl[llgiafA^0®aSr^-ro HUBcOiia 

^ji-nmm&mti ' ^m\-^x^ ( 5 1 ) tj: 

iiCT^n (k) 



Wn ( k ) = ( M ' G- ( k ) H " H +U " ) -1 It. (52) 
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[0 0 74] 2|llSOiaJM{iJLzi-^'V-Ki:. lUia 

LT, lII]Bt|5lt^)ilIT-H ^S«£L/ifI, U^S 

„ ( k ) cr,mmii-±:b- 0 . »-ft^iOWtt*^[^±-t^ » lil 

[00 7 5] mmLtzsmm^fpffj^c^m'^coi^^m.n 
m2fpi,z7j^Lfz=^iiitim'\m3 icomi^scommmij^ 

1 [ b 1 ( k ) ] ^*i6-&Jt^tC3fiffl Ltzm^mi 5 (C 

^•r. HI 5f^<^m2bMm-t^^^izim-mm.^^ 

SrWtTJj^, :3---:?y-H!a'lig|52 9 *^^>£7):3-r^- 
IlI(7)>'y4<VHS^|a|S3!)>'#ffl'<:?' b;W^^g|53 1 9izXJ3 
Six. .IcITj^ (25) Rlf^ (26) t j; "^^BS^i? 
b;k B ( k ) ii^^^-^tli, » ii7)#BgA;.>7 B 

(k) -f-^'^v;|^ffi5g:&|2 8;f)^^>S0ffi5E-?-V^-Mf?lJ 

3- ( k ) ^m^mmm&s\!>3 2 1 t3«*&s*i. 

[0076] ttzmm^'^y^^ji-^ms i3-ia>^ 
commi^mm'^yt^)iw:fmh - 1 ( k ) -b - 

n ( k ) h/l^^jjStgP 3 2 2-1 tA^ $ tt. 

i iTilJ (35) . it ( 3 6 ) St/;^ ( 3 7 ) ICi D-f- 

^T-yt-as 2 ^i^n t stje-r w^^^m a- 1 ( k ) 

gP3 2 3 - l^fti^SfL. ^ ^T'S^j (52) tfii\-%^tl 

Xy^)V9m%^i (k) ;^)ifi5g§ix|>„ ic07 

^f^m wi ( k ) hmm.%m3 1 6 - 1 3&^^>oife^< 

9V)V y ' ( k ) j;)^3gj£:7 3 1 8 - 1 

ttx. y' {y^) ><zjitthy ^)V^^m^i (k) 

H 3-' (k) Ai^:$tL. ^<7)SS«j5SWifct-KJtA 
1 [bi (k) ] k.LX^ti^tLi> . 
[0077] ^ffi-r-Sfi^toV^T tMOtTiE^-f-SSa 
^^B^$-li:^**-^{i. HI 5 4'tSSIIT-^-rJ:-ptc, m 
7 AtC^U3tMl!£Ma:M3 3 1-1 ^KftT f ( b ' „ 

(k) ) ^?^»t, h;i^*jjS:aP3 14 

-l-Cii:^ (3 1 ) OftOtc^l: (4 3) IRH^ 
^' N;W*ftgE3 2 2-1 Tliit (37) 0{t 0 tCSt ( 4 
8) SrfflV-iixtfiVi, HI 4 Btc^L-t^a^Hl 6tc 



(k) fc^ttft-^ (M;t{fJ---^V-b") ^fflv^Tf- 

-V Wf ^iJ H Sr Its L , <?:{±.X x v r S 2 T ^ c7)jyiil 

3{pMOigL3ypitci3(tl. ili|g-Ca5.&*^S*^^P<. l 

W\\ n't, Sfift-^r ( k ) i: Srffll-^TiS; (51) 
[0078] X-r >y 7° S 4 -Ctt^^^^-zMTM H " 

^mmrm o ( k ) i: st^v^t (52) ^it»t-c 

y^/V^i^W^n (k) XT--yrS5T 

JtS^A-^-Mf^O H " t 7 ;k^fMi Wn ( k ) 2: 

fflv^Tsmm#*^bi!ipiL, ( 2 7 ) ^im 

w„ H (k) ■ y ' (k) ^lt»L-C. MSA 
JKJtAi [b„ (k) ] 2:^46, .lixtC^pfLfl-^^Ki^ 

ft -5 -c mm y t^^i-co mm^i&Rv^mmm ^ m^-t 

[0079] Xf - >y 7° S 6 J± L # V ^ffil^licT) i^y.-HVl^fJc 
[ili^y/-ii';H£'tigP3 2 tt&*i^§iiTiii^i^>'4iVl/SW^ 

ffl^s*T-ri.« -ecot*, x7">yTS8-ca-f-®aiiissc*>' 
t3(ts3?!La*n(iia'r'^c(m{f , -c* K)2m^mkX'h 

fi\i. :^y-'yy°S9X'mW^yTr^)vmM.m3 2ti^t^i^y 

yif^jVh. \iZ ^ D ^-Y ^vHt^iJ H ^ ffiS LT x-f -y 7' S 

3 . 

[0080] <r , 116 ^^-C-ffiMT-^K L/'cXt- V 
7°S1'— S4' t|a)aicOi?!liitXT-'y7°S 1 t S2^ 

^^nmm:mi-^^ft\-^^\tm \ h^\,zwmx'ikf 

j; 0 \.ZX^ 'y TS 1 0 T-Mi«aff f ( b ' „ ( k ) ) ^ 
ffVK ic?)^g:ftS:fflV^tifl||ft?ijO (k) ^5l<a6^lJf 

[0081] ( 1 ) Sfiaj6^"**ato^a^fi-f-j&i#Sixi. 

^mmmm^izfrr ^^imtimf i^fi^ « 112 st: 

^i,zMt. mmx'^-t xoi^z^- ^^'Smmx'f^^(^^» 
ft-ti (k) {mm^mmmx-mco-^fi^Y-yi}^^ 
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n 



(k) = 



q = 0 



(k) +v„ (k) 

bt^^. ^c7^^r/WcfcV^T. i (k) +v, 

r„ (k) =:^q = o 



(k) ^ 

Q-l 



hmn(q) ■ bn (k — q-|-l)-hi 



n = 



oa 



(k) 

w„ (k) *itst, 9:mm^<7)mmM. 
[0082] < 2 ) m^m^my ^ )V9 ^m\^fiM.mi^ 

XT-Afcfcv-iT. ^fifi-ttc^L. i^ymvwm<^i'2.^ 



E [v„ (k) • v„ (k-q) ] =cr2 : q = QcO:i» 



E [ n (k) 



r 1 



H 



(k ) ] =cr2 I 



^il3a:tSflfl-f-tcm--l.5JPiSr5? (51) ^fijfflt 
[0083] ( 3 ) l[3zEL/^:J'-;}^Sft:rffiT-{i. #M 

S3{)>#ftt--I. Jl^cO 3 0 > 4^;kS®«^ ) M . 

[0084] ±aL7tafett;^f'>xlt#T-^:w^li#*i# 

A K E -^licMasm-^ia i o t:^L:^v:rr7"-f -< yrv 

L /c^ 0 Lfa# t do (t -I. f-v ^^;PJtS§54 2 -C'co 

R A K Egftco^-^ts-?--^ L-r t 

[0 0 8 5] ^3%aj 

^-ftLTMfA^mbAi [b (k) ] . -. Am [b 
( k ) ] i:S.ihfziiK m 1 WM(7)mm ( 2 ) Tiiaii 



(20) ' 

V , (k ) b^6b. 

1 M h„n ( q) • bn (k-q+ 1 ) +V 

(20) " 

^A-y-fe/l'tMMSE (S/Jn^*I) 2*^16) ^^my 

[0086] ::<?) J; ^ tSi^i^a^jt^b^aaL , m^com 

^mmcom i^m (.2 ) crym^^mmit^ i> t iz itzmm 

§M I MOS^XT-i^W«jS;MSrlll 8tC7i^L, lllt*f 

viosfift-^ 1- ( k ) i,t'?)v^a.~^mimi 1 

mi^^fitzm^u, (k) , un (k) b^i-^A^ 

;Hl«i (k) , ojn (k) :6>til:^3S^XTm 

^^'tL^-y^'VP-i— tf^^t,#|2 1 - 1 , 2 1 - NtA 
ti^iX. Zixiz>S\SOmit^2 1-l , 2 1-N 

*>^.-e^i-ewii*jsitAi [bi (k) ] , -, Ai 
[ b„ ( k ) ] ^ith « ittj; ^mk<^mmim 

1 tfOJft^t Sil.*^'. i^y:^;!^^!-— r^-ft;^2 1 - 

1, -, 2 1-nxm^^tlh'f-^^-M'M.G>: 

1 (k) . ( k ) If ^-fbfl^to^ 

icOofi (k) , ( k) Sr#flif*c?)^-v^^ 

[0087] iilT. #g|5(^Klf^S:iMBJ-ri. « ^)V^f^X 

ii-^A-iv) (?M.Qi^M,Lxmi<^Mmtnmzi^ 

( 2 3 ) - ( 2 6 ) ^mkth . la 1 84icOfM4co^t 
S2 1 - 1 , 2 1 -N{±#i— tfc7)ga'c7)fi-^i/y 
d<;^[b„ (k) . b„ (k-1),---, b„ (K-Q 

+ 1) ] (n=i, N) ^zi:h^^f^m'^•^^}v 

y ( k ) P^c7)±ie [ bn ( k ) , b„ ( k - 1 ) , 
bn (K-Q+1 ) ] (n=l, N) liU7h<?5T 

[0 088] i^-r. fM-^24- 1 , 2 4-N3&>Ji> 
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„ (k)] (n=l, N) SrfflV^-C«:f<J^mi^>' 
4^VmSb ' ( k ) Srit ( 1 5 ) tcj; ^ij^l^^. mzH 

y'n(k)=y (k)-H 
= H ■ ( B ( k ) 



^im^^x=^mm<^v'r^jAti ■ B ' (k) ^ 

• B ' (k) (27) ' 

-B' (k))+n(k) (28) ' 



B ' ( k ) = [ l=> ' T 
-Q+1 ) ] I 



( k + Q- 1 ) ••■ To ' I ( k ) ••• t> 



) 



(k + q) = [b' 1 (k + q) b' 2 
(k + q) ] I : q = Q- 1 , •", 1 

(k + q) = [b' 1 (k + q) b' 2 

: q = 0, -Q+1 



fc> 

•b' H 

+ q) ] I 

( t> ' (k + q) OS«ct5t'J-li'n(in#a) 

x\-^hh-thh. y ' n (k) imn 

||gcOi-Hfc7)i.>'4iVPb„ ( k ) t . 5^ ( 5 4 ) t J; 
•9 q= 1 , -Q+ IT' t> ' (k+q) C0n#g<7) 

cOi^>-/iiVk [b„ (k-1),---, bn (k-Q + 



T (k 

(29) ' 
(k + q 



N 



(k 



)V [b 



n 



n 



( k + Q-2 ) 



1) ] \,zi:h^^m^i^mttL-t)^-hn^j:\-^^bifi^ 

[0089] m:m9.m^9 V)V-t- ( k ) |^<POSgn#B 

„ (k),b„ (k-1),-, b„ (k-Q+1)] 

\,Zi.^ij<7W:>?f-fzi^^^ 5t ( 2 1 ) iOSfKif h)l y 

(k) tfOS«3&^^>aM§ix-S. idt, v;^^y^°X4^-#fiS^ 
(ilifi«) cOfl-i-*^^,co«^Jj!£iJ-tdik#@cOi^>-;i< 



(k + q) ■■■b' „ 

(53) 

(k + q ) ■■■□■■■b 
(54) 

( k+Q- 1 ) , b 
„ ( k + 1 ) ] \,Zi:h^Wi=^mmf%.^A.X'L± ^ , 

isbx\^h. icOctotcst (2 7) ' h;^ 

y ' ( k ) {ii^ ( 2 7 ) cDili)-^^' 3^ ' ( k ) 

[0090] ^^xmmi i tci3tt'i>ifrgM;awjjsri7) 

SOmnBT^uri;;??^ ■ B - (k) <7)^^^^j^ 

y ' „ (k) ;0^i?>MMSE (ft/h^i^2*Mlg) ffilK 

w^tiiQy'n (k) ^ ( 5 5) t^-Tia 

-f<7)fi-^4'<J0i^y^^;U [b„ (k),b„ (k-1), 

b„ ( K-Q+ 1 ) ] tC-f-\'Jt-;Hiai„, ctjn. 

a<^^^^fi^nmM.hfzmtmh<K£hXoi<z-t 



n 



n 



H 



(k) 
(k) 



t> 



n 



n 



(k) = 
(k) 



Q-l 



a 



(k) ■ b„ (k-q) = 



:^-)Vm (^-^^^^;^W$B) « n ( k ) ^a<d6T^ ( 5 
5) Sr?a»:^^x{fJ:V\. l:J.T('3Wn (k) , « 
n ( k ) oS:ttl^r&^^t-o =5:43:7 >f ;l^^#ttw 

n ( k ) ( 3 2 ) . ( 3 4 ) T-^i. ^ix^ y 4}V 

( AA^^n ( k ) , « n ( k ) ) =arg min 



q=0 

(55) 

[0 0 9 1 ] ±immim~fcommT^mm%b lts* 



n 



H 



(k) 



n 



H 



(k) 



(k) 



«i„ (k) = li^Wt-th. O^Ojfi ( 56) c7);&ia 
A^ft/|Nh5r.g. Wn ( k ) t n ( k ) . # 

JnStL/cf&l^f+ttin (k) = 1{±. (k) = 

0, Wn (k) =0^|.MSr@{t.S^-CSi'l.. -r^l. 
{i, \\ (k) II 2 =l^^f6j^^frT'»<»i>^ 

m-n ( k ) =arg min || xrx 



n 



H 



I r I 



H 



(k) 



^i = -l^^^t-th. (ain 



(k) 

(56) 

tlt'fc^J&i'OTTIi, «in ( k ) = 1 £7)J*^cr)Sf 

n (k) ts^-r-i., 

[0092] 
(k) ■ = 



n 



(k) 



(57) 



(k) = 1 tmm) 



J 1 L 



n 



n 



(k) = [W„ T (k) 

(k) = [ y „ T (k) 



- « „ (k) I ] 
to (k) „ T ] T 



(58) 
(59) 
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e ne+i= [0---1---0] ^ 
( e „e,i4'<7)l«7)®S{iMQ+l#a) Thi-. XM. 

[2] S. Hay kin. Adaptive Filter Theory, Prentice Hal 
1 P.220-P227t^S^lTV^I.9i>'"5^J^x*S^l:S 



(60) 

[0093] 



) 



I 1 1 



n 



(k) =-FL 
(61) 



11 



-1 



HQ 



zz 



-1 . 



MQ + 1 



R.zz = E [ z„ (k) 

E [A] \tAmmm. i^i^m ^m^^. 

[0094] 
[iC2 1] 



n « (k) ] 

[0095] 



(62) 



= E 



H.A„(k).H« 
H„ 



[0096] 
[i^22] 



h„(Q-i) 

h„<Q-2) 



I 



(63) 



A„ ( k ) =diag [ D „ (k + Q 
k-Q+ 1 ) ] 

<?2 ^m^mn ( afett;&''>xis#io 



1 ) , Dn (k) , D„ ( 

(64) 

[0097] 



0 0 
h„(Q-l) 0 



0 
0 



.h„(o) h„(i) 



h„(Q-i). 



(65) 



D „ (k+q ) =diag [ 1 - b 

q) , 1-b' N ^ (k + q) 

D „ ( k + q ) =diag [ 1 - 

N 2 (k+q) ] : q = 0, -, - 

X'hKli. rrin ( k ) ( 6 1 ) Z. b t^T 

J:-yX^ (5 8) l/Zm^^n (k) , a: 

u„ (k) =w„ H (k) 

cosia h nmth ^mm^ u „ ( k ) tn^^tL. t fc^ 
( 1 ) co^ac^^-^-^-zHih^i ( q ) tniii-t^a 

( k ) ^iWiitL. -34 Oit ( 1 ) tMjtB-rs^ ( 5 

5 ) J; -?T n ( k ) -i.^ftts.A°7^-^' 

(^^ wi) ^ Lxim<^mt^2 1 -ntc-ff#§ix 
[0099] mztm<:^Mit^2 1 - nim<^Mmiz-:> 

V^TM^-S. fflfait/2J;at35(: (5 5) it^ (1) bM 



1-b' n 2 (k + 

(66) 
•, 1 -b' 



1 , 



' 1 2 (k+q) , ■■■ 

] : q=Q+ 1 , 

b ' 1 2 ( k + q ) , • 

-Q+1 (67) 
n (k) hlSil^i^ti^, 

[0 0 98] ::coma4Sil.it:7>fyP:5'#ttw„ (k) 
izX'O. y' n (k) SriJ^etciO^^^Ui^'SOa-r 

S « 

■ y ' n (k) (68) 

*B&-r I. o ^^-ftits 2 1 - n {i:±-C-S« t u 

„ (k) , (k ) S.VfI-^^2 4-ri;6^i3<7)»ftj 

'WHiAj [b„ (k) ] ixnL. £iii)hLr#«=-^-fLf 

V bA^'+ 1 T-Jb'i>ffi*i: - 1 x'hhmi¥<^nm{:M.itA 

1 ( LLR : Log-Likelihood Ratio) Sr^fcc^tJ; Ogltii 

[0100] 
[1:2 3] 
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/Vi[b(k)] = log 



Pr[bn (k)^+I|ii^(k).k = Q,-,B] 
Prlbn (k) = - 1 1 u „ (k),k = 0, • - - , B] 



(69) 



^X,[b„(k)]+XP[b„(k)] 



(70) 



2A--at,zmkfii>9mmmi. [b„ (k)]{i: [0102] 
mim3 1 izH-x. htLhmwvmm'z-ht . fi^§i2 a- [S2 4 1 

A2[b„(i)3 ^ iogP^^„(i) = 4.1|^Kbn(i)Li = 0. -3] 

^Prlbn (i) = -1 1 ^, [b„(i)],i = 0,--,B] 



(71) 



^^2[bna)3+^f[b„(i)] 



iizmmi 1 hmim2 1 i<z^-x.C:>tL:^9\^mm. Ai 

» [ b „ ( k ) ] 2 4-n{Zif-li:-^ ix/i» mT'lff 



-C'^^' h/k ir- (k) = [ri (k)---r„ ( k ) ] i: 
LT^!{l^lS^^, CliO'^.t? b/l^ i- (k) Srfflv-^TSft'^ 

Sr#Ji:L/::5»; (21) co^m-^^ y ( k ) 

[0104] SfifiB? 0 i D tOSfift-^ r- 

(k) ^--^V-Fie'ltgP2 9*-i^c7)#Mft«^: 

SE*n.^?iKt^i;//^-\'^vl/ftJgts2 8 1 A^3§#i-T^-r 
^vPftJiJ M j&iSS$ixS « ifz^^^2 4 - 1 , 
2 4-N<50m±l>l^iWtJKJ:bA2 [bi (i)], 

Aj [b„ ( i ) ] ^^(:,^fi^'fimmmm^ 

1 p [bi ( i ) ] , AjP [b„ ( i ) ] *i||t 
?l;5)-#l/^?f-a3«fgA2 [bi (k) ] , -, A2 [bw 
( k ) ] ^^m^mi^y^^Jm&mS 13-1, 31 
3-NizA:b^tL. ^tL^tL^ (15) tcj; OS^W^eM 
iSi^y^^fl-h ' 1 ( k ),-■•, b ' „ ( k ) :«|ilf»S 

•^^^ h;l-^g|37 2T'{i#nri:t'ffioaiftM*^ii>£7)T 

( k ) ( 2 9 ) ' . ( 5 3 ) ( 5 4 ) t j; 0± 
fi^Stt-l., Cm^jNIiCD/^:?/ h;t^B ' (k) J;^^^- 
;Ht?'J M ^: ««:^;^ffiT*m-tftSgP 7 3 - 1 , 7 
3 - N T-ttl-^tLmM § ^iP^^O 1^ T U M • 

B ( k ) ;&i'^|<is6^>ilS„ 

[0105] :iti(^Nm<^^f^-^uy°V:^ti ■ B 

( k ) -/i^^m^^ 3^ ( k ) 5f)*;i,5|^g|57 4 - 1 . 



(72) 



y ' 1 (k) , 3^ ' N (k) >^i'^i<to^>ixS„ 
W^Mfii^^'^Vkb' 1 (k) , b' N (k) 
^T^ttlStil 7 5 A.tl $ i tt , 55; ( 6 4 ) . (6 

6) . (6 7) tCi*3i^^f5ljAi (k) , A 

^m^icj2 3i)^7^;P^^ttiftSg|3 7 6tA:ti§fL, 7^ 
;k^?W14ffiSgP7 e-cfisC (58). (60). (6 

1 ) . (63) &{/ {65} i,zX'0. 74 /l-^^flSw 

mi 7 -I, 7 7-N-c''efi.m*»:§ti.. OS 19 

;i^;t^[b„ (k) , b„ (k-1),---, b„ (K-Q 

+ 1 ) ] <^^mm^t-hm:i--^mm: otoT*>&>m* 

^ixtz^'TtXh^ni (k) , Un {\^) ti^^cix^ 

N ( k ) *i-f-amH 1 8 >':?'Vt^i— f 2 
1-1, -, 2 1 -N>v#fcji^§ii^„ 

[0106] zc^^^-TT^'S.mmc^m 1 ( 2 ) <7mm 

3to 3tfcL. X-f >yTS4tcfc{t^T*^nj;ir^^'b 
B ' „ ( k ) coltaJis^ (29)'. ( 5 3 ) atX 
( 54 ) t i Dif ^ , :^-r-/TS 1 Sti^fl^Sifti^y 
;i^Vt^b'„ (k) (64) . (66), (6 

7) t,zi.K)mmTmA„ (k) sr^-r^. x-r>yrs 

A„ (k) ( 5 8) . (60). (6 1 ). 

(63). ( 6 5 ) tci ^m^'^m^y -f w„ 

(k) h -f-V ^-/l-'ltfll ctr n ^ik^^.. XT--yyS15 

X'mt'<-9 h)Vy'„ ( k ) -f 
^f14w„ (k) tcJct^^^/l'^'ifaJMLTun (k) ^ 

i^i^h. xr-'yy°s 1 6-c#7>f7^^'Mi^:Su 
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itm:A„ [b„ (k) ] i^tirti^nb. ^tii^^x 

[0107] ±mx-iitMm^m2 1 -n^ztuf^mt 

{±. [bu (k),b„ (k-1 ),■■■. 



b„ (K-Q+1)] (n=l, --, N) tCi^^^-^ra 

f*®»-ft^ 2 1 - n X'<nm\Mmi Q ' < Q 1 1 . miS 
c^>m\:^iix\ [b„ (k) , b„ (k-l ),••-, 

b„ (K-Q- +1) ] (Q' <Q, n = l, N) 

^fOHfra^-fl:i;f*ia^^l:(c-53-ttTfi3«-^i, Hi 

„ ( k ) * hm^-^x^^^^}vm.cr>m&^'^o i o l 

[0 1 08] 01 7t^LitM-C-{i:|i)a«^ai;'3#'(l:^ 

v^, mum2 1 tc^t-j; 0 (c. »ia@to^cs&8 1 

r , 2: AS] hXW, 1 — lgU#jiifl^^jO|gU + 1 #jilfl 

m\^zxh^w^mi:itzmim^m\\ e r i ( k ) a 

tJ<-^cO^^[:f^c7)f-^;tv^|f#e « ( k ) i: . + 1 

L e r 2 ( k ) st^- ^ c^mmm^ 

^^-;PW«e « 2 ( k ) ^ W.2^BcomtmQ 



2- l&?/82-2tfi082- ITIi. Xti^flfzer 
1 (k)at/e<«i (k) ^^tJjaaLT. #1— IS 

ui|j|^fi^^?ij4^oiii— isui #jlifi^?[j£0isui +1 

r 3 ( k ) <?:>miUkC') ^ ^ ^-/t^'ft # e Gi 

3 ( k ) . ^ 1 -SgUSMft^^y^iOlgUi + 1 

U2 wMtWin<Dmi—m\iiW&m^nmfm\j2 — 
w.\i^mmm\i,zxi>^»^^Lfzmim^m\\Q r 

com 1 -muj J: 1.^*^1^^* LJt^^bft-^ 

t> ' (k + q) = [b' 1 (k 

-b' „ (k+q) ] I : q = Q- 

1=> (k+ q ) = [ 0---0 b 
q=0, -Q' +1 



era ( k ) iO^-fbf^ iO^-V ^--^Hf IS e cx 

5 ( k ) ^ixmaj^i-r « 

[0109] |niat;IS2gg^o*-ftll8 2 - 2-cii^'fl: 

erg (k) i:^^^-.;Hf|ge ca; 2 ( k ) 



m 

xti^ixx^ mmmm\ erg ( k ) Rx/mimco^ 

-V^t-^Hffge « 6 ( k ) t^bli-^^^y e r, ( k ) 



e ( Ji 



(k) ^ffi:(3-r^ 



N = 5 c0*-^«i:||3agc0^l:^8 3 - 1 — 8 3 - 5 {i 

-ft^is 8 3 - 3 ci^K-nm\nm\i 2 -^e>wmm\.z i d « 

*-ft^8 3-3tCj:0^O2-o<7)iiHlft^Si7) 

;t-;^tf# t ^ JiCCO y ^/l':^.— If ^b=&5 8 4-1, 84 

3-4 X:\tmU%^- ere ( k ) i: ^-^ ^vHf fg e <x 
6 (k) ^A^tT. ^iOlffiSiiMfim-^l-iO-^-C. f^J-itf 
3 ':>comiEmnco^ti^'tit>z-:>i ^xmco 2 ocOjMftft^ 

«^&l^*LTi>j:V^» ^2®g«^'ft.§|82-l, 82 

-2coi':>nmmmx\ mmc^mmmmzm^^^mt 
[0110] iji±co i 0 iz-mizitm 1 

n (k) ] ^^^^^th^bhX'^t. .itfOidtc^S 



^mzauxWJfLfz^-^^liZX ^T^mf^ . ^coWM 
[0111] OTt-iJV^T, El 2 1 4'<50lgl^SiO^^t, 



^ij e r 1 ( k ) RUmt^0:CO^^ Jt-;Hf 18 e <qj 

1 ( k ) ^ ^c0fM5t0^fl:§|8 2 - 1 X-c7MitmM. 
X'it^miEfmcO'7)]^i-y 2: Q ' i: -Tl. 

imm^mm-t^. mi sm/mi 9i^z^Lfzmmmt 
immmiz^^^i^ hf]^^mM7 2X'^w^^9 h;^ 

B ' ( k ) ^#Lli!c-r'&>^/^. ^iOWfJcje ( 5 3 ) . it 
( 5 4 ) 3&i5t ( 5 3 ) , ( 5 4 ) ' jSttJ^'st (73) 

[0 112] 

+ q) b' 2 (k + q) •••b' „ (k + q) 

1 , ■■•1 (53) 
' u.i (k + q) ■•■b' N (k + q) ] f : 
(54) ' 
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fc> ' (k+q) = [b'i (k+q)b-2 (k + q)---b'„ (k + q) 



■■■b' „ (k+q) ] I : q = Q' , 

j); (54) ' imi^mumiE^nst^<^i^yyr^>i^b. 

5^ ( 7 3 ) «if*a<50^-fl:T'v;l^^^N°X(OSStSrQ' tcM^- 

y ■ ^ (k) = y (k) -t€ ■ 
= H ■ ( B ( k ) - 

y ' ^ ( k ) (iis 1 —'m\iWm'?kn<fy^y^^}v^ i b 

(k) , b„ (k-1 ) , -, bn (k-Q' + 
1 ) ] . ( n = 1 ~U ) iOfi-^fiS^^ t *^»*>f#^V ^ i ^ 

H (k) - y'g (k) = 



n 



-Q+1 (73) 

[0113] ^(r>i. 0 LTW^.ix/cT^^' h;i^ 

B ' (k) ^m^-^x^WAV^vy'^yf]^ ■ b - 

(k) ^{-^D, iixSrSii'<.^' bil^y ( k ) ;{)»i?>ai; 

B ' ( k ) (27)" 
B' (k))+n (k) (28)" 

[ 0 1 1 4 ] J^tcy 7 h^W-^-^ y^Mkc^y^W^i^m 
:icoi§-^cr)^ (55) i:*tJtCL/^5Si{i:i5;^ ( 5 

5) ' 



n = l 



(k-q) =Ct , H (k) • lo, (k) 



q = 0 ^' «nq ( k ) 
(5 5)' 



n 



ex 



g (k) = [ai,o (k) , ai_q'-i (k) , a^.o (k) , ■ 
«u.Q'-i (k) ] I (5 5-1) 

To ^ (k) = [bi (k),---, bi (k-Q' +1 ),-■•, bu (k), 

•, bu (k-Q' +1 ) ] T ( 5 5-2) 

«g (k) ^5Kii6i.i^:tmi^^ g (k), « ^ (k)Sr5Ki^S<. 
(56) SriJ^t tT^ja^^'fi/his^r-S, [0115] 

( ^vVg ( k ) , « g ( k ) ) =arg min || " ( k ) ■ y 

) - or J H ( k ) • "b ^ ( k ) II 2 (56)' 



tli^-Wg (k) 



g 



(k 



S 



(k) =0, (k) 



s 



(k) 



m ^ ( k ) =arg min 



s 



H 



H 



(k) 



.1 =-l&^fr^:^^ 



(k) = [w 



. ^ (k) 



g (k) = l^, 

- MQ' +1 = [ 0 •■ 



^ (k) 

■ ■ ■ ^ ■ ■ 

( <e MQ. + i 45^0 1 O^iRtt M Q ' + 1#B) 

taiB^cifi [2] i,z^p^tix\^^^^f'~^yi^:c^m^mm 



<mi>-^mxih^timrx'ii. ai,o (k) =ito^ 



(k) • Z g (k) I 

T (k) ] I 

to (k) g I ] I 
0] I 



( 57 ) ' 

( 58) ' 
( 59) ' 
(60) ' 



[0 116] 



-1 



■.1 ) 

lit-, 

[0 1 17] 
[St2 5] 

R.7.=E[Zg(k)-Z^ (k)] 

HA(k)-H" +a^I 
H 



(k) — — !R,2j - • HQ- 

(61)' 



.1 / ( 



- MQ' +1 

[0 118] 



H 



HQ 



6 



S 
I 



(62)' 



(63)' 



A„ (k) =diag [D„ (k + Q-1 ) , D „ (k) , ]=> „ ( 
k-Q+1 ) ] (64) ' 
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[0 1 19] 



h,(Q-l) 0 0 

hi(Q-2) "-. 0 

hi(Q-3) ; hi(Q-i) 

r « ■ 

' a ■ 

- 1 ■ 

h,(0) - hi(Q'-i) 



[^26] 

hu(O-i) 0 0 

hu(Q-2) ••. 0 

KiO-3) •: hu{Q-l) 

■ 4 • 

M M t 

■ d ■ 

Km - hu(Q'-i) 



(65)' 



[0 120] 



(k+q) =diag [ 1-b' 1 2 (k+q). 



q) , -, 1-b' N 2 (k + q) ] 

Dn ( k+ q ) =diag [ 1 , 

' (J 2 (k + q) ] : q = 0, 

0„ (k+q) =diag [ 1-b' 

q) . 1 -b' N 2 ( k + q) ] 

( k ) (ijS; ( 6 1 ) ' T^ibhZtf/T^^. Wl^z^ 
{ 5 8 ) ' i/Zm^-^vs^ e (k), (k) ( = e 



S 



s 



ct; 1 (k) ) t,^a6^>tL^. iOj:a^im^M;t(i' 

HI 9tti07-f;U:J'#ttft^gE7 6Ttfv\ y^)V^^ 
nmi 7-1 •C-?:^5ieS:ltfl: LT 7 yi^^'MJit"^ , 
[0121] 

e ri (k) H (k ) ■ y ' , (k) 

1 (k)=«;^ (k) 3&Sf*Sc0^l:^82-lt3jS^> 

mzsmimn (^— r) ^'ju-Tt2mmmm (^l- 

1 (k),etaji (k)her2 {k),e« 

2 (k) *f*M^0 3illfi^?iJ (^-Hf) ffl&t^"2illft* 

[0122] t/tmfKl;LJt«tai-ri.^i-^coMi9lTjEa-^ 

Kt^-^tcH 1 2 i<z7f^Lfz^^A-)vm'fmA 2 ^fi 

2 [u B mkcrm^ i,zmi}^i^L\^^tnm^tLt:>-y^^}i'm 
mmm mmm^ t txmm trz-AK 2 0 giii.si> 
-^v—vcop^^mmm^t lx^ ( 5 1 ) StMlt 

^ 1 %ti( 2 ) ( mmm ) 

jjs:tci A£^fra«tcj;^ffi#^?ijc ( i ) im^<7)mi\ 

mm t Lxmm-t s i 1 1 j; 0 mmmm^^x < mm 



■■, 1-b' n 2 (k + 
: q=Q+l, 1 (66) 
1 , 1-b' u+i^ (k + q) , 1-b 
Q' + 1 (67)' 
2 (k+q) , -, 1-b' „ 2 (k + 
: q=Q' , ■■•-Q+1 (74) 

[ 0 1 2 3 ] 112 2 ten 1 tnf&-r hm'ifi.zn-^m^ 
-^^#(tT^-r J; 0 mit\mzio\ ^x , 1 3 j; d ^o 
^istH^jft-f-b ( j ) \,m.n-m^mm^ 1 4 i o n 
m<r)mm\,z^i^yTrs)Vh ( j ) ^o^TO^^idsti, 2iiLh 

iOKiScNfflW^Mi^bi (k) , b„ (k) t§ 

y S- >- ilSmm^ r „ ( k ) ( m = 

1, 2, -, M) ^: LT#ai*^-ft,S3 1 tA^jSn. 

-g.o ^mm^-r^ (k) «f^uifa2 8tc^t/cj;dt 



[0124] ^lti1l^'it^3 1 i±[l2tC7i^LA:fl 



v IS 



^<rmi,z. m2 2^\,z^LtzU^^2Ai:^cr>im.-M:M 
JrbAj [b ( i ) ] *>A.^hgpffl#Ai [bi ] >0>-«M:|| 

23XWm.^iX. *«i«S:ai*AM>'^U->N'2 6tJ: 

'9^>':^'y-7-$fLT*mr'[ffBA2 [b ( j ) ] fc§ 

^iofffr+figAj [b ( j ) ] *iWij-M?ij^»is 

1 5-C-N^S?'JtO*tfrtflgA2 [bi (k) ] , A2 

[ b„ ( k ) ] \>z^m^ixX^\i^:hm\L^3 1 ^A^iS 

[0125] i.-oX^\^^mm3 1 TIS-ecOM^^iJcT) 

nm<r)nm.itMl):Jk¥\A^ [bi (k) ] , ■", A 

1 [b„ (k) ] t^^^^fL^. z<7:>nm?h¥\(r)nmit 

m\!cm\Ai [b ( j ) ] tC^$:flT. WM^22^ 

im^ix^ . '-c^mmzxi\.ii^\^inm\m 3 1 (^>xn 

N^^ijoMiCt-KitAi [bi (k) ] , -, Ai 
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Lm.^mm^^€ ozt ^^v^ hzt im^i^zmm^tii: 

•3 . HI TMm 3 1 n # e c7)iIft^OiSfifi-^ h 

n)Xi L T i N {SwM^iJSfMfS-^ 43 W n # a ( n 

7 Sr#,^X/cKM^J^M-C-S § i i; i>^fcIlM-C-S 
j; 3 „ * fed 1 8 JT;^ia2 1 t'^L/ilSa^O^-fbatC J; 

[0126] ii<Dwncr>9~Tf^m.mnm. ^mm,ia:^ 
^^^^^/^-^^^^+^ ( QP 

SK, 8PSK. 16 QAM. 6 4 QAM^rt" ) , TC 
M (Trellis Coded Modulation) -i^'TCM=6ri:'t; 

n-t^^imzhmm-z-^h. 

±.m:\±Mm<r)^m\m r ^ (k),--, r„ (k) 

LfflO r y T-^cOgfSm-t>^^ ^> L J; 0 ^ I ^MfflcOgmfS 
-f-&^46T*> iC^, HI tt3V.^TW(CS^S^*>-3fC35>'# 
Tyx-:^#l, #M:0^^>coSfifi-^{i><.-Xys>H- 
^j^^fcj; D'^.— XyN>h'<7)gftft-§-ri . r„ t 

ri (k) , r„ (k) i:SixT>-^§. 

7 1/— ArtT 7 X — =5: L 
[0129] 023 {i, ^^^JVm&i^-St^^Z'tiibflfz 
2. SftT>'-f-:MAM=2, Ray 1 e gh^N°Xl:Q = 

5i?)«-^-C*S« ^DjEtlHieJiM'^igLLTV^^rV^ 



[0 127] i^J;i{Sll3 OBtC^fJ; 3tCL = 2fflcOT 

xys>K^^}ig|56 1 - 1 , 6 1 - 2X'^ti^'ti^—:^->\ 

y h'fi-^t^^tl.. H^gB6 1 - 1 i: 6 

1 - 2«#ai^](±-tf>'7°i; >'^"fi-^|-%^Ss6 2*^ii<7)-tf 

VTU y^'-ff-^i; . >i«-9-yTU y^m^^w^b 3 

T-^c^JilM)iTc7)T/2?"ift{iffl^-rA> L7t:-*f >'TU 
fi^ttiO. mmA/D^^64- 1 , 64- 
2t64-3, 64-4 X^yr U y^^^tiX'r ■< 
;Wi-^ri (k) . ra (k) i: rg (k) , r 
4 (k) HlXtiiai 8#)I.V^{4ia2 2fc 

L ^' - ;|^Sft« 3 0 A:*] § . N ii^ofX-^m^J 2r 

n.i>Sftft^ri (k),---, r4 (k) «=S--+fyriJ 
y^^JSWii, HH«TyT-^ri:t:ifflc7)«fift-^r„ 

( k ) ^ sm-r *&-^tfo-9- y 7° u > ^'wm t -i^t- j; 

[0 128] 

[^BH^OJJJ*] liUia^/ciotcitfOlSlflB^ ( 1 ) 
iixtf, (MI MO) g^t^^ffi^^JSt-^So ^ 

mjm:m^tLxm'ommi?:m2 3. ia2 4tc^-ro 

2 
5 

23^ 

4 5 Of'/ b 
2 5 b'-/ b 

RLS (-SSnfilfcO. 9 9 ) 
I/-M/2. ft^«3»^!*.a^1^-^ 
lOOOHz (Ix-f 'J— y'x-i/y^'') 
BP SK 
2 OMbp s 

Max — Log— Ma p^Zl~y 
4 0 

[0130] m2 4lim^MLi-Y ^^/i-m^ (^4^ 
HJ) COjaSSr^-r. «IW{iL#V^«Th-t-&-&, Eb / 
No =4dBt:ll5gL (Eb HI ^--^f'-^Xh^) . T 
h=l. 0(ilotS/ y rt-OkSf iJS-(l*^®{jn^V K O 
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— 0. 6mjK"r{iTh = OtO%^J;0¥%f-y b^O* 
m Lfc:fj^''B:\>^Z b . #tcT h = 0 . 2 5 ftifi 

[0131]H25t. L^(.MItcJ:'9ffi*^^>Ll/^jlim 

tt^lttlie 6^: LT*-r. >I<7)Ji^t0tg:V^fi{i0 . 2 

2. M=2. Q= 5Ray 1 e gh. f j =1/2 
0 0 0 0, 900 i^y^^Vl//^ Ix— . irbKW/t 

=S-:x— tf CO V ^°Xic Q 

m 



[0132] 'itz±.mvfz^-T:^-)i'm&-i5mzxmi. 

3 ySrl-f -^fc. 



3:x— »f (jlffi^) i4^«:^Jt Lfz, 112 6 {±111 4, 
1 5. HI 6tc^L3tH. U^SriftS-rS^'-Tf^gft 
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lo ' (k + q) = [b'i (k + q) b' 2 (k + 

q) --b' „ (k + q ) ] I 

q=Q- 1 , -Q+ 1 , q^OT- 

1o ' (k) = [b'i (k)---^f(b'„ (k) ) 
•■■b' „ (k) ] iq = OT' 



t> ' (k) £7)^*<7)f (b' n (k)){in#g. f 
( ) «i:f (0) = 0. iD-^d { f (b' „ (k) ) } 
/d{b'„ (k) } SO^)Wrb' „ (k)^^i5:t 

b. 



**A:?j $ n . n # s «afi^ J; 0 c?)jMfifi-f-«^«m-f- 

T^JS^^H - B' (k) tsm^^ |-;P3^ 
(k) :6iA^J§3fx. Il^<^h;py ' (k)=3^ 

(k)-H - B' (k) ^m:':t--l>^S»:a5t . 
^^Ml¥\ H X«i#iSm-^j6^A:ti $tL, H^^^i? h 
( k ) F^sO^^Tg^^^^l^-r-^ nSiiOa 

H^^Ki? V)Vy ' ( k ) t iiejiJEy ^' ;P :^'f^^SS; w 

[«jBft^lBBi&] 0 022 

[00 22] ^2^BJtC j;il{f 

t> ' (k ) = [b' 1 (k) 
■■•b' K (k) ] T 
t> ' ( k ) c?)SS<7J f ( b ' 
0, f ( ) (if (0) = 0. j&^-od { f (b- 
n (k)}/d{b'n (k) } SO^iSfct-b' 

„ (k) ^^^h-rsMt![i:-rs^t£^i:-rs„ ^ 
mimmms^} 0052 

[?liEl*I$] 



n 



l^BJtCfcV^T. q 



( b ' „ ( k ) ) 



(k) {i;n#@-C& 



503-152603 (P2003-X03 



[0052]it(29)4'i^b' (k).0^'9st(3 I ) "tik^l^Z^^-t^ . 

l=> (k) = [b' 1 (k) b' 2 (k) ■•■ 

b' „-i (k) -f (b' n (k) ) b 

••■b' „ (k) ] (43) 



n + l 



(k) 



n 



fzfzL. f (h' ^ (k)){±b'„ (k)SrA^Ji:-r 
•|..^Si9b'„ (k) =0 t-t-l.^t^r< (b- 

li. m'^'¥=f»m^izm.'rhitt:mtii-ttm^^^m-t 

i.^biz^^'^X. bn (k) &]EL<miii-t^^tii^T 
[#MfflIES] 

[aiEM^IIg=&] 0 0 5 5 

[0 0 5 5] B ' (k) = [ To ' (k + Q-1 ) -•■ 
To ' (k) ■•■to ^ (k-Q+1 ) ] T 

' (k + q) = [b' 1 (k+q) b^ , (k + 
q) ■••b' >r (k + q) ] T q = Q-l, ■-, - 

Q+1 . q^Q? 

1o ' (k) = [b' , 



[aiEM*^^] mm 

[E19] 



r(k) 



45 








RAKE 


— ^ 







46 



c'(i) 




43 




ions' VtKJU 



29 



32 



(k) ----f (b- „ (k) ) 



b ' ( k ) ] T 



q-QT\-f (b^, (k)){j:l3^ (k)(7)n 



mm^^mm^^ mm 

[HI 9] 

-, 73.1 J^^SP 



A2[bi(k)] 




1 9 



32 

Iiaer;*' 111 



(72) ^HJ* Sfi 



5K014 AAOl BAIO EAOl FA16 HAIO 
5K022 EEOl EE14 EE31 

5K046 AA05 EE06 EE19 EE47 EF13 



